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PREFACE. 

re rtnammrmentonmtenen tat 

Ixvestication into the laws which form the basis of the ra- 

tional feeding of live-stock has been most actively and indus- 

triously carried on of late years, and very important advances 

have been made, especially in Germany, where this branch of 

applied science has been most attentively and persistently 

studied. The period since the year 1860, in particular, has 

been a remarkably fruitful one; within this period the theory 

of feeding has been placed on a firm, scientific foundation, and 

the direction of its future progress has been marked out; and 

while very much still remains to be done, the results already 

achieved are of great practical importance. 

Unfortunately, however, these results are largely inaccessible 

to the majority of American feeders, and those of them which 

appear from time to time in agricultural papers and other 

publications are deprived of much of their good effect by their 

necessarily fragmentary character. 

It is the object of this work to present these results in a 

connected and systematic form to American farmers and. others 

interested in stock-feeding, an attempt which, so far as the 

writer is aware, has not before been made, and a few words as 

to the scope and aims of such a book will therefore be in 

place. 
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In the writer's view, the highest usefulness of a work like the 

prescut does not consist simply in giving receipts which shall 

enable the farmer to feed his stock more econonnically, or to pro- 

duce more milk or more or better beef, but in so elucidating 

our knowledge of the unchanging natural laws, chemical and 

physiological, of the nutrition of animals, that the attentive stu- 

dent shall be able to adapt his practice to the varying conditions 

in which he may be placed, and, more important still, shall be 

able to appropriate intelligently the results of new investiga- 

tions and follow or take part in the advances of the science. 

Guided by this idea, the author has not been content simply 

to state results, but has endeavored, so far as was possible in 

an elementary work, to indicate the processes by which these 

results have been reached and the degree of certainty which 

attaches to them, as well as to point out the directions in which 

our knowledge is still deficient. Only in this way can a cor- 

rect idea of the present state of the science be obtained or the 

learner be prepared to appreciate and utilize further progress. 

Mn this the chiefly practical importance of the subject has 

not been forgotten. 

The ultimate object of this branch of applied science is, of 

course, to enable us to feed better and more economically ; but 

the only sure and lasting foundation for a rational practice is a 

knowledge of the natural laws on which it is based, and with 

which it must be in accordance in order to be successful. 

This method of treating the subject naturally makes demands 

for study and thought on the part of the reader; the results 

of twenty years of arduous scientific work by scores of investi- 

gators are not to be grasped and appropriated without labor. 

At the same time the author has endeavored to reduce this 
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labor as much as is possible without the sacrifice of accuracy 

and a reasonable degree of fulness. Above all, he has sought 

to make his work a reliable exponent of the present state of 

knowledge on the subject of cattle-feeding, and to draw a sharp 

line between proved and useful facts, and merely probable 

hypotheses or speculations. 

This book was begun as a translation of Wollff’s “ Land- 

wirthschaftliche Fittierungslehre,’? a volume of some two hun- 

dred pages. It was soon found, however, that considerable 

additions and changes were required to suit it to Ameri- 

can readers, and the work has finally assumed its present 

form. Some portions of it are still free translations of Wolff, 

but much more of it has been either added or entirely re- 

written, and a number of illustrations have been introduced, 

so that the character of the book has been considerably 

altcred. One of the most marked changes is the substitution, 

in the Appendix, of Kiihn’s tables of the composition and 

digestibility of feeding-stuffs for those of Wolff Although 

the wriler does not accept all of Kihn’s opinions, he yet 

believes that tables arranged on the plan adopted by Kuhn 

are, on the whole, preferable to those containing simply aver- 

ages ; and in view of the changes and additions made else- 

where in the volume, he has felt justified in making the sub- 

stitution named, though aware that Kiihn’s views, on some 

points, are warmly opposed by Wolff. 

In addition to the “‘ Fiitterungslehre,” the author is espe- 

cially indebted to Wolff’s larger book, “Die Ernéhrung der 

landwirthschaftlichen Nutzthicre,” while other works and the 

current literature of the subject have been freely consulted. 

Supr. 1, 1880, 
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INTRODUCTION. 

Tre two objects of agriculture are the production of 
plants and of animals. 
We must seek for the laws governing the former in the 

chemistry and physics of the air, the soil, and manures, 
and in the phenomena of vegetable growth; while a scien- 
tific study of the latter involves a consideration of the laws 
of animal nutrition and growth, and of the chemistry of 
plants, so far as they are used as food. 

All forms of life with which we are acquainted, vegeta- 
ble as well as animal, manifest themselves through the 
breaking up of more complex into simpler compounds, 
accompanied by a liberation of energy. 

The broad distinction between vegetable and animal life 
is, that plants are able to appropriate the force which ex- 
ists in the sun’s rays and use it to build up these complex 
compounds out of very simple, so-called inorganie mate- 
rials, while animals lack this power, and are obliged to 
avail themselves of the compounds already formed by 
plants. 

In the economy of nature, the office of the plant is to 

store up energy from the sun’s rays in certain complex 

compounds, setting free oxygen in the process; while the 
1 
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animal takes these compounds and. utilizes the latent en- 
ergy which they contain for his vital processes, the sub- 
stances themselves uniting again with the oxygen from 
which they were separated in the plant. In the plant the 
spring is wound up—in the animal it unwinds and gives 
out just as much force as was used in winding it up. The 
two processes supplement each other; the whole is a com- 
plete circle. 
A living animal, then, is constantly decomposing and 

oxidizing the materials of its own body. ‘These first break 
up in the cells of the body, independently of oxygen, in 
accordance with the laws which regulate vital phenomena, 
and give out part of the latent energy which they con- 
tained. Then the oxygen of the air, carried by the blood 
to every part of the body, seizes on the resulting substances 
and burns them, more or less rapidly, producing a large 
quantity of heat to replace that which the body is constantly 
losing by radiation and otherwise, while the products of 
this burning are finally excreted from the body. 

The body is thus continually suffering a loss of material. 
To replace this loss, as well as to supply material for fur- 
ther growth, is the office of the food, which may, froin 
this point of view, be regarded as a vehicle for the intro- 
duction of supplies of force into the body. 

It is the object of such a book as the present one to 
show how much and what kind of food is needed to sup- 
ply the losses arising under the various conditions to which 
farm animals are subject. In order to do this intelligently, 
we need to consider: jirst, the nature and extent of the 
processes going on in the body; second, the materials avail- 
able as food; and third, the adaptation of these materials 
to the various purposes of feeding. The subject, then, 
naturally divides itself into three parts: 
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I. The General Laws of Animal Nutrition, or that 

portion of animal physiology which treats of the so-called 
“vevetative functions.” This includes the composition of 
the animal body, the processes of digestion, circulation 

and respiration, and the production of flesh, fat, and work. 

II. The Composition and Digestibility of Feeding- 

Stuffs, 

It. The Feeding of Farm Animals—a consideration 

of the kind and quantity of food required for the various 
purposes for which such animals are kept. 





PART I. 

THE GENERAL LAWS OF ANIMAL NUTRITION 

CHAPTER I. 

THE COMPOSITION OF THE ANIMAL BODY. 

§ 1. Proportions oF THe DIFFERENT ORGANS AND Parts. 

The Fluids circulating in the blood and lymph vessels 
constitute but a small part, at most not more than 7 to 9 per 
cent., of the live weight, and in old or very fat animals the 
proportion sinks as low as from 4 to 6 per cent. The 
digestive fluids and other secretions and fluid excretions, 
although they are produced in considerable quantity in the 
course of twenty-four hours, can hardly be taken into 
account as constituents of the body, since they are being 
produced at every instant, are formed more or less directly 
from the blood, and are partly re-absorbed into it or pass 
out of the body; while the blood, on the other hand, al- 
though continually giving up material to the tissues and 

receiving new from the food, remains very constant in its 

quantity and chemical properties. 
The Solid Tissues.—The fresh bones constitute, ac- 

cording to the kind, age, and condition of the animal, 6 to 12 

per cent. of its weight, the muscles and tendons 35 to 48 per 
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cent., and the fat, so far as it can be mechanically separa- 
ted, 10 to 40 percent. It is to be noted, however, tliat the 
fresh bones contain 11 to 14 per cent. of water, and tlie 
muscles frum 60 to over 75 per cent. The average of the 
results of numerous investigations made on the various 
farm animals gives them approximately the following 
composition : 

Bones. ......ecc0 cee cee cec ee encene eee taneee .. 9 per cent. 

Flesh and tendons......... eee tec ee nese ceeeecs 40 % 

Mechanically separable fat..... bene e see ce eee o» BA 

The remaining 27 per cent. comprises the blood, hide and 
hair, entrails, and the contents of stomach and intestines. 
Fuller details regarding the proportions of the various 
parts in lean and fat animals of various kinds are to be 
found in the Appendix. 

It should be added that the volume and weight of the 
contents of the stomach and intestines are very various, 
according to whether the animal has received a more or 
less bulky fodder. For example, in some investigations 
made by E. v. Wolff, in Hohenheim, with sheep, the fol- 
lowing averages were obtained : 

Average hve Contents of 
Conten Beinn Fodder reear (ama antl er cent, of 

Pounds. | Pounds, | lve weight. 

3% Chiefly straw... ..qeeecees §3 8 20 9 22.3 
2* Hay, with small amount of 

DOANS., 62. eee eee eee 100.1 16.0 15.9 
Gt Clover hay, potatoes, peas, 

and COIN... .. cee eae e ees 124.2 11.2 9.04 
tnt tt trent tetnntrtraerttrtinemeettnththtinneersntienceine-tartensehienutanein 

* “Die Versuchs-Station Hohenheim,” 1866-1870, p. 62. 
+ Landw. Jahrbucher, I., 569. 
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Grouven* found in the case of oxen: 

Contents of | 
No of Live stomach and Contents in 

Experiments, Fodder. Weight. “intestines , Per cent of Pounds. Pounds | hive weight. 

4 Straw....... wee eeeneeeee 1,199 | 199 16.6 

7  |Fattening fodder. ....... 1,419 | 133 94 

Fatted hogs give a less proportion, viz., 4 to 6 per cent. 
Lawes and Gilbert +, in fifty-nine experiments, found the 
proportion of stomach and intestines, together with their 
contents, to range from 5.59 per cent. to 10.13 per cent. of 

the live weight, the average being 7.52 per cent. 

§ 2. Tam Non-Nrrrocgenous CoNSTITUENTS OF THE ANIMAL Bopy. 

Water.—One of the most important constituents of the 

animal body is water. 
This substance constitutes, under most circumstances, 

more than half of the entire weight of the animal; it is 

contained in all parts of the body, and forms as essential 

an ingredient of the so-called solid tissues as do any of 

their other components. 

In the new-born animal, water constitutes 80 to 85 per 

cent. of the total weight, but during the period of rapid 

growth the proportion of dry matter increases and that of 

water diminishes, so that the mature, but not fattened, 

animal may contain 50 to 60 per cent. of water. In the 

process of fattening, the percentage of water decreases 
ee 

* Zweiter Salzmunde Bericht, 1864, p. 187, and Erster Bericht, 1862, 

p- 260. 

+Jour. Roy Ag. Soc., Series T , XXI., 449. 
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stili more, falling, according to the experiments of Lawes 

and Gilbert, below 50 per cent., and in one case (a very 

fat sheep) to 35.2 per cent. of the whole animal, or 33 per 

cent. of the dressed. carcass. 

It is sometimes stated that, in fattening, the body loses 

water, its place being taken by nitrogenous matters and 

especially by fat, but the author has not been able to find 

any account of experiments which substantiate this view. 

Fat animals, it is true, contain a smaller percentage of 

water and a larger percentage of fat than lean ones, but 

this is not sufficient to prove the point, for an inrrease in 
the adsolute amount of fat contained in an animal would 
cause a decrease in the relatwe amount (percentage) of all 
the other ingredients, water included. 

The only method by which the truth of the above view 
can be determined, is to compare the absolute weight of 
water, fat, albuminoids, ete., in lean and fat animals of the 
same breed and as nearly alike as possible. 

Such comparisons have been made by Lawes and Gil- 
bert,* in the following manner. Ten animals of different 
kinds, and in different stages of fatness, were slaughtered, 

and the pereentages of ash, albuminoids, fat, and water in 
the whole animal determined, and by this means data were 
obtained for estimating the absolute amounts of these sub- 
stances in the body of a living animal whose weight was 
known. 
A large number of animals were then fattened, and, 

their composition before and after being estimated as 
above, it was easy to determine the amount of each in- 
gredient which had been produced, and from this the per- 
centage composition of the increase in weight. 

*Jour Roy. Agr. Soc.. Series ., XXI., 456. 
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The following table shows the average results for oxen, 
sheep, and hogs: 

Average Composition of the Increase of Live Weight in Fattening. 

Protein Fat | Total dry | Water. 
Ash. mutter. 

Per cent. | Per cent | Per cent | Per cent, | Per cent, 

98 Oxen... cc. cece eee 1.47 7.69 66.2 75.4 24.6 

848 Sheep..........00- 2.34% | 7.138 | 70.4 | 79.9 | 20.1 

80 Hogs.. .........+. 0.06 + 6.44 715 78.0 22.0 

Average.....ssseee “110. | 7.26 | 67.8 | 762 | 28, 

It is evident from the method followed that the results 
are not absolutely accurate, but they suffice to show that 
in fattening, a gain of water takes place, though it is rela- 
tively small. 

The same conclusion is indicated by recent experiments 

by Ilenneberg, Kern, and Wattenberg,t on the fattening 

of sheep. 
They slaughtered animals in two stages of fattening, 

and also, at the beginning of the experiment, others which 

had not been fattened. The following numbers, taken 

from their results, show the total gain of weight by the 

“fat” and the “very fat” animals, and also the excess of 

fat and flesh contained in their bodies over that found in 

the unfatted ones: 
en A nrenteettnnatitntnrtt 

* Probably too high, owing to dirt in the wool. 

+ Probably too low. 

+ Biedermann’s Central-Blatt., Jahrg. 8, p. 268. 
1* 
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nem 

Lean. Fat Very fat 

Pounds Pounds, Pounds 

Ouiginal weight,.... .eeeeee 90.53 89 54 89.10 

Final weight... ....0 eee eees 90.53 116.45 123 86 

GAlD. ec ence eae wee eenee J ootetees 26 91 | 34 76 

Gain of fat... ccc cece eee el we eee 24 51 33.78 

Gain of flesh... .... 0... cece el cee eee —Q 33 0 51 

Total, fat and flesh.....| ss... 98,18 34 29 
Sena nl a 

The increase of fat and flesh is, in each case, less than - 
the total gain, showing that there was a gain of soinc- 
thing else, and making it improbable that any essential 
loss of water took place, especially as the flesh was found 
to contain almost exactly the same percentage of water in 
the very fat and in the lean animals, viz. : 

Lean... ccceces ce cccceserceseence ran 79 41 per cent. 

Very fat... cece cc cece we twee cece nsec nnn cens 902 

Infortunately, however, no such complete analyses of 
the whole animal were made in these trials as in those of 
Lawes and Gilbert, and hence the data which they afford 
are insufficient to settle the question. 

The dry substance of the animal body consists of 
organic and inorganic matter, and the former, again, of 
nitrogenous and non-nitrogenous materials. 
By organic matter, in the above sense, is understood 

matter which is combustible, and which, when subjected 
to the action of fire, disappears, leaving the inorganic mat- 
ter behind as ashes. 

The terms are not strictly correct, since the ash of a 
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piece of flesh, or of a mass of wood, was as really organ- 
ized, and formed as truly a part of it, as the so-called or- 
ganie portion, but they are in common use with this 
meaning. The organic matters of the animal body are 
classitied, according to whether they contain the element 
nitrogen or not, as nitrogenous or non-nitrogenous. 
Fat.—Of the non-nitrogenous substances fat is by far 

the most abundant. Itis present in the blood in minute 
quantities, generally constituting not more than 0.1 to 0.3 
per cent. of it; it exists in larger 
quantity in the substance of the 
nerves and in the bones, but is chief- 
ly found enclosed in special cells or 
tissues under the skin, on the kid- 

neys, omentum, and mesentery, and 
in the flesh between the bundles of 
muscular fibres. me L~6 Fate 

The thin membrane which com- ° 
poses the cell-walls of the fat-tissue is a nitrogenous sub- 
stance, and constitutes only 0.8 per cent. of the whole 
tissue when the latter is entirely filled with fat, but when 
this is not the case its amount may rise to 4 per cent., or 
over. 

The quantity of water in the fresh fat-tissue stands in a 
fixed relation to the amount of membrane (about 5 or 6 to 

1), so that the quantity of water may vary from 4 to over 24 

per cent., according to whether the cells are more or less 

Jaden with fat. 
Most of the fat-cells of the living body contain liquid, 

perfectly transparent fat, but its consistency varies in the 

difterent organs; it solidifies to a solid, butter-like mass 

more or less easily, according to whether the oily or the 

solid fats predominate. The appearance, also, as well as the 
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smell and taste, of fat taken from different kinds of 

animals, or from different parts of the same animal, is very 

variable, on account of admixtures of small quantities of 

coloring matters and volatile substances of all sorts; but 

this has almost no influence upon the elementary composi- 

tion of the fat, which is very constant. 
Schulze and Reinecke,* at the Weende Experiment Sta- 

tion, found twenty-eight samples of mutton, beef, and pork 
fat, taken from different individuals and from different 
parts of the body, and freed from the fat-membrane and 
from water, to have the following composition : 

Carson HYDROGEN | OXYGEN 

af _ 
oB | 
Ag Av, | Max | Min.|} Av | Max.| Min | Av | Max | Min, 

Per | Per | Per | Per } Pur} Per | Per | dcr | Per 
cent | cent | cent | cent. | cent | cent fccut | cent | cout 

Beef fat. . .../ 10 [7650 | 7674 | %6 27) 11 91 | 12.11 | 11 %6 | 11 59 | 11 86 | 11:15 

Pork fat ....... 6 | %6 54) 76% | 7629 | 11 94, 12.07 11 86) 11 52 | 11 88 | 11 15 

Mutton fat..... .| 12 | 7661) 76 85 | 76 27 | 1203 | 1216 | 11 87 | 11.36 , 11.56 | 11 00 

Average of all the An "6,50 1200 11 50 
alyses in round numbers, 

Other results were: 

Fat fiom Carbon—per cent Hydrogen—per cent Oxygen—per cent, 

Dog.....0.05. 76.68 12 05 11.82 

Cath. ceeeeeees 76.56 11 90 11.44 

Horse ....+... 77.07 11.69 11.24 

Man.,....0... 76 62 11.94 11.44 

eri otras i Nemeth derCUT AONE ete ha mpantrnanivsnar NNR 

* Versuchs Stationen, IX., 97. 
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It is evident from these figures that in all calculations 
regarding the gain or loss of fat by the body, we may treat 
this fat, in spite of the numerous modifications which it 
undergoes in the various organs, as chemically identical, 
without falling into any appreciable error. 

The quantity of fat which may be laid up in the body 
is often enormous. Jor example, in the case of fattened 
neat-cattle and swine, the fat may make up from 25 to 
over 40 per cent. of the live weight of these animals, or 
from two to three times as much as all the nitrogenous 
substances present. In Jean animals, on the other hand, 
the amount of fat is much less, and that of the nitro- 
genous substances relatively greater. 

Other Non-Nitrogenous Organic Substances.—All 
the non-nitrogenous organic substances, other than fat, 

which occur in the body, and are to be regarded as normal 
constituents of it, are very inconsiderable in quantity, al- 

though often of importance for the functions of the organs 
or fluids in which they are found. 

The gastric juice (the digestive fluid of the stomach), 

and also the contents of the large and small intestines, and 

sometimes the chyle of the thoracic duct (see p. 68), con- 

tain lactic acid, the well-known acid of sour milk, while 

the juices of the flesh contain another acid—sarkolactie 

acid—isomeric* with the former. 

The blood, and in fact almost all the animal fiuids, also 

contain minute quantities of one or the other of these 

acids. 
Sugar is likewise found in the blood, but at most in 

quantities not exceeding 0.015 per cent., except in the 

eres 

* Two substances are said to be isomeric when they have the same 

percentage composition, but different chemical properties. 
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blood of the hepatic vein (the vein leading from the liver 

toward the heart), where the amount rises to about 0.1 

per cent. 

The liver itself contains a considerable quantity of a sub- 
stance called glycogen, somewhat resembling starch, which 
is continually yielding sugar by its decomposition. The 
sugar in the hepatic vein has its source in the glycogen of 
the liver. 

The muscles likewise contain glycogen, and also small 
quantities of a non-nitrogenous substance peculiar to 
themselves, and resembling sugar in composition and 
properties, called ioszte. 

Furthermore, various non-nitrogenous organic com- 
pounds occur in the bile, and innumerable such in the so- 
called extractive matters of the tissues and juices, that 
is in the miasture of substances obtained by treating the 
flesh, etc., with alcohol. The “extractive matters” give to 
meat soup its agrecable taste and smell. The weight of 
all these substances, however, is inconsiderable, and van- 
ishes almost entirely In comparison with the great quanti- 
ties of fat and nitrogenous matter in the whole body. 

§ 3. Nrrrogenovs OreGanic SUBSTANCES. 

Of the nitrogenous constituents of the body, there are 
three principal groups to be considered, viz., the Atzu- 
MINOIDs, GELATIGENOUS Substances, and Ilorny Marrmrs. 

The albuminoids are by far the most important of the 
three, since all manifestations of animal life are dependent 
chiefly on them and the organs which are composed of 
them, and since they furnish the material ont of which 
the members of both the other groups are formed; while 
the latter, once formed, do not appear to be capable of 
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being altered back into albuminoids, or of performing the 
functions of the latter in nourishing the body. 

Axzuminoiws.—The albuninoids are found in manifold 
modifications in all the organs and fluids of the healthy 
body, except the urine, and all these modifications suffer 
an almost continual mutual alteration under the influence 
of the vital processes. 

Notwithstanding their diversity, however, they have 
many and marked characteristics In common. 

As their name implies (albuminoid—albumin-like), they 
resemble albumin or white of egg. Like it, they are des- 
titute of any crystalline form (amorphous). Most of them 
earist In at least two modifications—a soluble and an in- 
soluble one. In the soluble form they constitute, when dried 
at a gentle heat, transparent, white or yellowich solids, 

destitute of taste or smell, and soluble in water; in the 
insoluble modification they form white, flocculent or fibrous 
masses, insoluble in water, and, like the soluble forms, 

having neither taste nor sinell. 
The soluble albuminoids are very readily converted into 

the insoluble form by a variety of means ; in some cases by 
heat, in others by the action of acids or other bodies, and in 
still others from some cause not yet known. This change is 
called coagulation; it is apparently only a change in the 
condition and not in the nature of the substance. At any 
rate, it is not accompanied by any change in composition. 

Almost innumerable varieties of albuminoids have been 

described, and much confusion exists as to their properties, 

and relations to each other. For our present purpose, 

however, it will suffice to indicate the three groups into 

which these bodies may be classified—viz. : 

Albumin (represented by white of egg), Fibrin (repre- 

sented by lean meat), and Casein (the basis of cheese). 
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Albumin predominates in all animal fluids, especially 

in the so-called chy le, in the colorless serum (see below) of 
the blood, and in the fluid contents of the blood-corpus- 

cles, where it is tinted red by the coloring matter of ihe 
blood. It also occurs in the juice of the muscles and in 
the nerves. 

It is distinguished by the property of coagulating when 
heated above a certain point. Yor pure albumin this 
point is 165° F.; for solutions of albumin it is higher in 
proportion as they are more dilute. 

(A good example of coagulation is furnished in the boil- 
ing of an egg. As the heat of the boiling water penetrates 
the egg the albumin changes fiom a transparent soluble 
liquid to an opaque solid which no longer dissolves in 
water.) 
Fibrin—The blood of all the higher animals, shortly 

after it is renoved froin the body, partially solidities, and 
separates Into two parts, the “clot” and a yellowish liquid 
called the serum. The sernm contains albumin and the 
dissolved matters of the blood generally ; the clot contains 
an albuminoid known as blood-jibrin, colored red by the 
blood-corpuscles which it has entangled within itself while 
coagulating. 

Authorities differ as to the nature of this so-called 
spontaneous coagulation, and for our present purpose it is 
not necessary to enter upon the subject. 
When purified, as far as possible, from adhering im- 

purities, blood-fibrin is a white, fibrous-looking, elastic 
substance, in which the microscope shows no traces of any 
stiucture, fibrous or otherwise. 

Flesh-pbrin, the chief constituent of all muscular fibres, 
differs from blood-fibrin in the fact that it appears in or- 
ganized stiuctures in the form of variously shaped and 
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grouped cells. Flesh-fibrin behaves, also, somewhat differ- 
ently to chemical reagents from the coagulated blood-fibrin, 
but, like all insoluble modifications, it is easily converted 
by the action of the digestive fluids into a suluble form. 

Casein is found in considerable quantity only in milk ; 
it is a product of the milk-glands and therefore not to be 
looked upon as a constituent of the body in general. It 
does not coagulate on heating; the tenacious skin which 
forms on the surface of milk when it evaporates is a sub- 
stance altered by the action of the air. 
On the other hand, the casein separates almost coin- 

pletely in a coagulated state when a small quantity of 
rennet is added to the milk, as in making cheese, or when 
the milk is gently warmed with dilute acids or various 
other substances, as well as in the natural souring of 
milk. 

Composition.—AlIl the albuminoids contain, as essen- 
tial constituents, carbon, hydrogen, oxygen, nitrogen, and 
sulphur; and these constituents are present in such con- 
stant quantities that it is impossible to distinguish the 
various albuminoids from each other by their percentage 
composition, samples of the same albuminoid from different 
sources often showing as great differences as exist between 
members of different groups. The following numbers 
show the extremes of variation : 

CarDOn.....cccccccecpecccccucceuceavccsens 52-54 per cent. 

Hydrogen. .cccecccescc cere ecu cnscwscncees 7 “oe 

NibrOgen. . oe cee ce cee ee eee eet a nerenes 15-17 “* ¢ 

LO 4° x:) « pa 24-21, % % 

Sulphur ....e ce ece cere uses wesc en cece nanos 1-1.5 *¢ % 

Generally the average amount of nitrogen is assumed to 
be 16 per cent., and the total quantity of albuminoids in a 
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substance is calculated by multiplying the percentage of 
nitrogen found by analysis by 6.25 (6.25 x 16=100). 

The phosphorus which always accompanies the albu- 
minoids seems to be held only loosely as phosphoric acid, 
and not to be an essentiai ingredient of them. 

GuLATIGENOUS SuBstancus.—The gelatigenous substances 
constitute scarcely less of the weight of the body than the 
albuminoids. 

They form the nitrogenous organic substance of bone 
and cartilage, and make wp the larger part of the mass of 
the tendons, ligaments, and connective tissue, and of the 
skin. By protracted boiling with water the gelatigenous 
substances are completely dissolved, and converted into 
glue. Their composition is very similar to that of the 
albuminoids, except that they generally contain somewhat 
less carbon (50 to 51 per cent.), and in case of cartilage also 
less nitrogen (about 15 per cent.), while the gelatigenous 
substance of the bones, tendons, and skin, on the contrary, 
is richer in nitrogen (about 18 per cent.). The sulphur is 
also either entirely lacking, or is present in smaller quan- 
tity than in the albuminoids. 

Tlorny Marrers.—The horny matters are found chiefly 
on the outer surface of the body, either in a thin layer, 
as the epidermis (scarf-skin), or in well-characterized tissues, 
as hair, wool, horns, nails, hoofs, claws, feathers, etc. The 
average composition of all these tissues is very uniform : 

Carbon .. cece c esac ce eeceecceeres esses  «e OO-DL per cent. 
Hydrogen..... etc etececeeeees eceees about 7 “ 

Nitrogen .... 0... cece ccc cence eccee cee cas 16—17 * 
OXON. ee cece ee cece te cena eee caes 22-20 
Sulphur, ...........0. eevee even ceeeeeees » 3&5 ee 

In the main, therefore, they differ from the albuminoids 
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and gelatigenous substances only in containing more sul- 
phur, while the proportions of the remaining constituents 
are almost the same. 

AvrERAGE Composrtion.—It will be seen that all the 
important nitrogenous substances which occur in the body 
are very similar and, on the average, almost identical in 
composition with the pure albuminoids out of which they 
were all formed, directly or indirectly, in the processes of 
nutrition and growth. 

This agreement was also found in the investigations of 
Lawes and Gilbert on whole bodies of animals, already re- 
ferred to. In these experiments the total quantity of 
water, fixed mineral matters, fat, and organic substances 
other than fat was determined, and the nitrogen of the 
latter was estimated. 

The amount of “organic substances other than fat” 
found directly, agreed almost exactly with that obtained 
by multiplying the quantity of nitrogen found by the 
usual factor, 6.25; in other words, all the organic sub- 
stances other than fat were found to contain, on the aver- 

age, almost exactly 16 per cent. of nitrogen. 

In the average of all the experiments, the organic matter 

other than fat was found to be 14.67 per cent. of the dressed 

weight, and the amount of albuminoids calculated from the 

nitrogen, 14.83 per cent. This shows at once that all the 

nitrogenous organic matters of the body aside from the 

three groups already mentioned, ¢. g., certain constitnents 

of the bile, of the juice of the muscles, etc., have, on ac- 

count of their relatively small quantity, no material infiu- 

ence on the elementary composition of the organic sub- 

stance of the body, and especially none on the percentage 

of nitrogen. 
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§ 4. Inorganic, on Non-voLaTine Marrers. 

Amount.—The total quantity of the inorganic portion, 

or ash, of the animal body is, in round numbers, 

In neat cattle... .....665 4-5 per cent. of the live weight. 

© SHEED weceeeeereecees 2.8-3.5 °° os ve 

“© RWINE. So cee e eee e ween 1.8-3.0 ‘° “ 64 

In Jean animals the amount approaches the maximum, 

in fat animalsthe minimum. Phosphoric acid and lime are 

present in about equal proportions and make up together 

about four-fifths of the total quantity of ash, while the other 

fifth consists of potash, soda, magnesia, chlorine, sulphuric 
acid, carbonic acid, and, to a very minute extent, of silica. 

The sulphur, mentioned above as forming part of all 
the important nitrogenous substances of the body, is not 
included in the ash. 

In the bones, as is well-known, the quantity of mineral 
matter (bone-ash) is especially great, and amounts, on the 
average, in a full-grown animal, to about two-thirds of the 
dry, fat-free substance of the bones. 

Immediately after birth, the dried bones contain only 
about 50 per cent., and in advanced age often as much as 
75 per cent. of ash. The outer and more solid layers are 
always richer in ash than the inner and porous parts, es- 
pecially in the hollow bones. At least seven-eighthis of the 
total bone-ash is phosphate of lime, the remainder is car- 
bonate of lime with small quantities of magnesia, fluorine, 
and soda. 

Besides phosphoric acid and lime, the most important 
inorganic constituents of the body are potash, soda, and 
chlorine (the two latter generally combined to form chilo- 
ride of sodium or common salt). 
Need of a Continual Supply.—The quantity of these 
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substances in the various tissues and fluids, while it is very 
constant, is relatively small, except in the case of the 
bones, but they are absolutely essential constituents of all 
those parts of the body in which the vital processes are 
most actively carried on, and in which, consequently, de- 
composition and rebuilding are continually taking place. 
As a consequence, they are continually excreted from the 
body in considerable quantities with the final products of 
the metamorphosis of tissue, and the vital processes would 
soon suffer important disturbances were not a continual, 
almost daily, supply provided. 

Salt-hunger,— Numerous experiments have shown that 
when animals are fed on food from which the mineral 
matters (salts) have been extracted as completely as pos- 
sible, they become sleepy, weak, especially in the extremi- 
ties, and finally die from lack of mineral food, although 
the quantity of organic food eaten and digested may be 
ainply sufficient to sustain life. 

As an example of these may be mentioned some experi- 
ments made at the Physiological Institute of the Univer- 
sity of Munich, by Forster,* on pigeons and dogs. 

The pigeons were fed with starch and casein, made as 
free from ash as possible; the dogs with meat repeatedly 
extracted with water (to remove the mineral matters) and 
with fat, sometimes with addition of starch. The results 
were the same in every case. All the animals became, 
after a few days, in consequence of “ salt-hunger,” dull and 

inactive ; a rapidly increasing weakness of the muscles ap- 

peared, particularly in the extremities, and toward the end 

of the experiment cramps and shivering showed a great 

irritability of the nervous system. 

* Zeitschr. f. Biologie, IX., 297. 
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The digestion, however, as well as the utilization of the 

digested nutrients, was exactly the same as under normal 

conditions, and the animals, when killed at the end of the 

experiments, were found to be apparently well nourished, 

and with all the organs in a healthy state. 
We must conclude from these, and numerous other simi- 

lar researches, that the phenomena of dulness and weak- 

ness observed in all such experiments are due directly and 

exclusively to the Jack of inorganic ingredients in the food, 
and that the comparatively speedy death is caused by 
the separation from the animal organs and juices of those 
salts necessary for the due performance of their functions, 
and their removal from the body in the urine. 

Essential and Accidental Salts.—The greater por- 
tion of the inorganic matters of the body exists, in com- 
bination with organic substances, as an essential constitu- 
ent of the various tissues and juices. Strictly speaking, it 
forms part of the organic (or organized) portion of the 
body. Its amount is very constant. Another variable 
and much smaller portion, which we may call accidental, 

exists simply dissolved in the fluids of the body, without 
really forming part of it. This portion can never be very 
great, even with an abundant supply of salts in the food, 
since the latter are rapidly exereted in the urine, and the 
more rapidly the greater their quantity; while those salts 
which enter into the composition of the tissues can be ex- 
creted no faster than they are set at liberty by the using 
up of the tissue, and, in fact, even when thus set at liberty, 
may recombine, in part, with organic matter to form new 
tissue. 

This latter fact is particularly noticeable when the food 
is poor in salts. Thus, it was found in the experiments 
already described (p. 21) that the exerction of salts was 
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ieast when the food was most abundant but was poorest in 
salts, showing that nature can be very economical and get 
on with a minimuin. There is a limit to this, however. 
The excretion of salts can be diminished but not entirely pre- 
vented, and if the supply of salts is too small, the animal 
loses mineral matter continually, and sooner or later dies. 

Practical Conciusions.—lIn practice, in the feeding of 
mature animals intended to be kept in a medium condition, 
or to be fattened, a lack of the’ necessary mineral matters 
is scarcely ever to be feared. They are, indeed, generally 
present in large excess. 

Only common salt is in certain respects an exception, as 
will be explained more fully below. 

The opinion is indeed somewhat prevalent that a lack of 
phosphate of lime in the fodder may be the immediate 
cause of the disease, prevalent among cattle in some 
neighborhoods, called rickets. 

This explanation is, however, at most, only valid in case 
this lack was experienced by the animal from its earliest 
youth up. In the case of full-grown and healthy animals, 
the lack of phosphate of lime cannot well be the cause of 
the disease, since experiment has shown that such animals, 

when they are insufficiently supplied with this substance, 
dic in a comparatively short time, and before any essential 
change takes place in the composition of the bones. 

Young and rapidly-growing animals naturally need, both 
relatively and absolutely, a greater quantity of phosphate 
of lime than old and full grown ones. In the feeding of 
milk cows, too, regard must be had to the quantity of 
phosphate of lime in the fodder. (Sec Part IIL, chapters 
V. and VI.) 

Uses of Common Salt.—As mentioned above, salt 

occupies, to a certain extent, an eaceptional position. 



24. MANUAL OF OATTLE-FEEDING. 

Besides its strictly physiological functions, it is of use in 
facilitating the passage of the albuminoids of the food trom 
the digestive canal into the blood, and to a certain extent 

in facilitating the circulation and thus increasing the 
energy of the vital processes. Jor this purpose a certain 
excess of salt seems to be necessary, which circulates 
rapidly through the body, and is excreted in the urine in 
quantity corresponding to the amount taken. This need 
of salt is especially inanifest in certain kinds of herbivora, 
and particularly in such as, like our domestic animals, are 
largely stall-fed and, by means of abundant fodder, are 
caused to produce largely either flesh and fat, milk, or 
work. 

To this may be added that many fodders in common 
use, such as potatoes, roots, grains, etc., are comparatively 

poor in sodium chloride and rich in potash salts, which 
latter, it has been found, cause an increased excretion of 
salt through the urine. 

In view, then, of the absolute demand for a certain 
amount of salt for the preservation of life and the great 
advantages of a certain excess of it, it is plain that it is to 
be regarded not as a luaury but as a necessity. 



CHAPTER II. 

COMPONENTS OF FODDERS.—NUTRIENTS. 

21. Derrmrrions. 

Nutrient, Fodder, Ration—ZIn the preceding chapter 
we have seen that the animal body, in spite of the great 
complexity of its structure, may be considered, in a general 
way, as composed of nitrogenous and non-nitrogenous or- 
ganic substances, and of mineral matters. 

Since, now, these substances are being constantly de- 
stroyed in the body in the performance of the vital func- 
tions, it is necessary that the animal should 1eceive from 
without a supply of substances identical with or similar to 
those destroyed, and which can be assimilated by the tis- 
sues and fluids of the body to replace those lost and enable 
the vital actions to continue. 
Any single chemical compound, such as albumin, fat, 

starch, sugar, etc., which is capable of aiding to replace 

this loss is called a nutrient. 
Such substances do not occur in a pure, unmixed state 

in nature, but are found in various forms and proportions 

in all fodders. 
By a fodder, or feeding-stuff, we understand any natu- 

ral or artificial product which is used as food for animals ; 

é. g., hay, oil cake, roots. 
Since the animal organism not only contains various 

nitrogenous and non-nitrogenous substances, but contains 

them in proportions varying only within narrow limits ; 

and since the rate at which each is destroyed in the body 
a 
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is also fixed within certain limits; it is plain that the food 

which the animal receives must alsu contain the various 

nitrogenous and non-nitrugenous nutrients in proper pro- 

portions. 

A fodder usually contains several or all of the groups 
of nutrients, but may not contain them in the proper pro- 

portions to satisfy the needs of the organism. ‘Thus, in 
the examples given above, good hay contains all the 

groups of nutrients in proper proportions, and will sus- 
tain an herbivorous animal indefinitely; while oil cake 

and roots contain an excess, the one of albuminoids, the 

other of bodies of the starch or pectin groups, and so, if 
capable of sustaining life, do it with a great waste of the 
one or the other material. They are one-sided foods. 
By combining several one-sided foods, we may prepare 

a mixture which shall contain all the groups of nutrients 
in proper proportions and be capable of sustaining an 
animal economically. Such a mixture we may call a ra- 
tion or a complete food. 

The proportions of the various nutrients in the common 
fodders and the proper combining of fodders to form ra- 
tions suitable for various purposes will be treated of in 
Parts II. and III., and we shall concern ourselves here 

only with the occurrence and properties of the nutrients. 
These it is necessary to consider in order to a proper un- 
derstanding of the processes of digestion and assimilation. 
The nutrients are divided into three groups, corresponding 
to the three groups of substances in the animal body, viz. : 
nitrogenous, non-nitrogenous, and mineral substances. 

§ 2. Nrrrocznous Nurrients. 

Prormwn. —The predominant nitrogenous constituents 
of plants resemble closely, in all important particulars, 
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the albuminoids of the animal body, and have, like them, 
been called albuminvids or protein bodies. 

The name protein was used by Mulder to designate a 
supposed substance which formed the basis of all the 
albuminoids. The word is no longer used in this sense, but 
is very commonly met with as a collective term for all the 
albuminoids, and we shall thus use it in the present work. 

The vegetable albuminoids which have as yet been in- 
vestigated may be divided into three groups, clbuimén, 
casein, and jibrin, having more or less resemblance to the 

corresponding groups of animal albuminoids, though it is 
doubtful if the two are identical. 

Vegetable Albumin appears to oceur chiefly in the 
young and growing parts of plants, while in the older 
parts it is converted into other forms of protein. It is 
contained, dissolved in small quantities, in the sap of fresh 

plants, and coagulates when the sap is heated. 

Vegetable albumin is soluble in cold water, in dilute potash solu- 
tion, and in dilute acetic acid; itis insoluble in alcohol, and is very 

similar in all its properties to animal albumin. Its composition varies 

somewhat according to the source from which it is derived. The fol- 

lowing table shows the extremes of variation : 

Animal albumin (av.). Vegetable albumin. 
Per cent Per cent, 

Carbon... cece cence ee eeees 53.5 §2.3-54.3 

Hydrogen .....c..eceeseeees 7.0 71- 7.7 

Nitrogen .... sce eee en eeee 155 15.5-17.6 

OXYQEN Lecce wee ee ee cease 22 4. 20.6-23.0 

Sulphur. .. ...ceecseceeees 16 0.8- 16 
SeaTac erininnriter in «sebastien AMOR enn dthionn nnn reed 

The composition of animal albumin is not far from the average for 

vegetable albumin, but the identity of the two is, at best, doubtful. 
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Vegetable Casein,—If wheat flour be made into dough, 
and the dough kneaded in a stream of water, the starch of 

the flour is washed out, and a sticky mass remains, known 

as crude wheat-gluten. 
The crude gluten thus obtained is a mixture of at least 

four albuminoids, and contains, besides, some starch and 
fat. 
When treated with dilute (60 to 80 per cent.) alcohol 

at ordinary temperatures, three of these albuminoids 
are dissolved, while the fourth, called gluten-casein, re- 
mains behind, together with various impurities. The 
same or a very similar substance is also contained in rye, 
barley, and perhaps in buckwheat, and in the “oil seeds ;” 
while oats contain an albuminoid having some of the prop- 
erties of gluten-casein but more closely resembling the 
legumin about to be described. 

In addition to gluten-casein, two other bodies belonging 
to the casein group have been described, viz.: deguinin, 
the chief albuminoid of the seeds of the legumes (peas, 
beans, etc.), and conglutim, contained in almonds and in 

maize (?) 

The properties of these albuminoids, and in particular those of legzu- 

min, resemble very closely those of animal casein. Legumin is in- 
soluble in water. It is, however, quite soluble in water containing 

small quantities of basic phosphates, especially of potash, and hence 

warm water extracts legumin from the seeds of the legumes, since the 

latter contain soluble phosphates. Such a solution of legumin is not 

coagulated by heat, but is by acids, and according to one authority by 

rennet. Legumin is insoluble in either strong or dilute alcohol, but 

very readily soluble in dilute potash solution, and somewhat soluble in 

dilute acids. The reactions of gluten-casein, as well as those of con- 

glutin, are very similar to those of legumin. 

The composition of these albuminoids, like that of all 
others, varies more or less according to their source and 
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mode of preparation, owing largely to the great difficulty 
of obtaining them in a pure state and in part perhaps, 
to the non-identity of substances bearing the same name 
but derived from different sources. The following table 
shows some of Kitthausen’s results.* 

LFGUMIN FROM | CONGLUTIN FROM 

Gluten-casein. 

Per cent. Oats. | Peas, Beans. Maize, Rraheen 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent, 

Carbon ......... 52.70-53.16 51.68 51 48 51.48 51 41 50 44 

Hydrogen... .... 6.95- 7 15 7.49 702 6 96 7.19 6 85 

Nitrogen .... . | 16 0-17.21 17 45 17.18 14.76 (%)| 1772 18 61 

Oxygen ........ | 21.92-22 18 22.64 23.9% 26 35 , 23.87 

Sulphur......... 0.93~ 1.27 0.79 0.40 0.45 | 0 43 

Vegetable Fibrin.—When ernde wheat gluten is 
treated with alcohol in the preparation of gluten-casein, 
as above described, a solution is obtained from which an 

albuminoid known as gluten-fibrin may be prepared as a 
tenacious, translucent substance of a brownish-yellow color. 

It is insoluble in water or absolute alcohol ; soluble in dilute alcohol, 
in dilute acids, and in dilute potash solution. When heated, it is con- 

verted into an insoluble modification, which is not dissolved by dilute 

acids or alkalies. The same ora siroilar substance is contained in barley 

and maize. 

The composition of vegetable fibrin, like that of the 
other albuminoids, varies more or less. Ritthansen ob- 

tained the following results: 

* Die Hiweisskérper der Getreidearten, etc,, 1872, and Jahresber. Agr. 
Chem., N. F., I., 168. 
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From wheat. From barléy From maize. 
Per cent Per cont. Pex cont. 

Carbon... . cs. eee eee 54 31 54 55 54.69 

Hydrogen .........0e. 7.18 T.20 TOL 

Nitrogen... ... ccc eee 16.89 15.70 16.33 

OXYGEN. cece eee ence 20.61 20.78 
vs ( 22.48 

Sulphur...........08. 1.01 j 0 69 

100. 00 100.00 100 00 

Mucedin and Gliadin.—Besides gluten-casein and glu- 
ten-fibrin, wheat gluten contains two other albuminoids, 
viz.: mucedin, and gliadin or vegetable glue. 

Mucedin, when freshly prepared and containing water, is a yellowish- 
white, slimy substance, somewhat translucent and with a silky lustre. 

It is soluble in dilute alcohol, but imsoluble in strong alcohol, which 
precipitates 1tfrom its solutions. Its behavior to water is peculiar. It 

is scarcely soluble, but when agitated with water, can be suspended in 
it, forming a turbid, slimy fluid, which, on long standing, deposits the 
mucedin unaltered The same results are obtained if the water is 
warmed instead of stirred. Continued boiling with water decomposes 
mucedin, and alters most of it into an insoluble substance, 

Gliadin very closely resembles animal glue in its properties. It is 
soluble in both weak and strong alcohol, in alkalies, and inacids. In cold 

water it swells up like glue ; prolonged boiling with water decomposes it. 

The conyposition of mucedin and gliadin obtained from 
wheat was found by Ritthausen to be: 

ee ened mice 

Mucedin—Per cent. Ghadin-~Per cent. 

Carbon. .cceveacccucccessucs 45,11 52.67 

Hydrogen ..... eee ereteeeees 6.90 7,10 

Nitrogen, ...eces ee eene cones 16.68 18.02 

Oxygen...... cece cette enene 21.48 21.87 

Sulphur... ccccsceneceeeers 0.88 0.85 
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Mucedin is also found in rye and barley, and gliadin in 
oats. 

Other Albuminoids.—lIt will not have escaped notice 
that in the above paragraphs we have confined ourselves 
chiefly to a consideration of the albuminoids of the cereal 
grains and the legumes. 

This is simply because these are the only vegetable prod- 
ucts which have been investigated with any degree of 
completeness. Doubtless other feeding-stuffs would be 
found to contain still other varieties of protein, were they 
investigated, but at present we know little or nothing re- 
garding them. 

Comparative Value in Nutrition.— While the vari- 

ous albuminoids of the vegetable world vary not inconsid- 
erably in their composition, especially as regards carbon 
and nitrogen, they still show such strong general resem- 
blances, both in composition and properties, to each other 
and to the animal albuminoids, that we must consider them 

all as closely related bodies. Indeed they seem capable, to 
a certain extent, of conversion into each other in various 

WAYS. 
Whether the various vegetable albuminoids are equally 

valuable as nutrients, are assimilated and formed into part 
of the body with equal ease, we are unable to say, owing 
to the entire lack of experiments on the subject. It is, 
perhaps, questionable if they are, but the differences, if 
they exist, are probably not great, and for the present we 
must consider them all as equivalent, so far as they are 
actually digested. 

The recent experiments of Wildt * and of E. v. Wolff t 
on swine seem also to show that the animal albuminoids con- 
peer eninee rr ia RA A te names, 

* Landw. Jabrbucher, VI., 177. + Ibid. , VIII., 223, 
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tained in dried blood and flesh-meal (the residue from thie 

preparation of “Extract of meat,”) are equivalent in nutri- 

tive effect to vegetable albuminoids. 

It is possible that we ought to regard gliadin as forming 

an exception to the equivalence of the albuminoids on ac- 

count of its great likeness to animal glue, or gelatin, the 

latter having been shown by Voit* to be incapable of per- 

forming all the functions of protein in the food. 

Importance.—This close mutual relation and easy con- 

vertibility of the alouminoids has the highest significance 

for animal nutrition. 
As we have seen, the most important solid components 

of the animal body are the albuminoids and related bodies. 

It is these which constitute its muscles, tendons, nerves, 

in fact all its working machinery. 
Now, so far as we know, the animal organism has no 

power to originate a particle of these substances. 
Its sole source of them is, in the herbivora directly-and 

in the carnivora indirectly, the albuminoids of the plant. 
These, by virtue of their great similarity to the animal al- 
buminoids, are readily altered into them and become part 
of the body. They are hence indispensable elements of 
any fvod, and likewise the most important, since, while 
they can, to a certain extent, take the place of the non- 
nitrogenous nutrients, none of the latter can possibly re- 
place the albuminoids; and they are of all the greater 
importance because, while the animal body is, to so large 
an extent, composed of them, they are found in compara- 
tively small quantity in most parts of plants. 

Evidently, then, the proportion of albuminoids which a 
fodder contains is an important element in determining its 

reine sem  caerlaaneiecalaeaeantaneunmatamneaantameentianee a ngesienamesteeninanenmadetaaeaasaliitemmamtaerianeenallicesamcsmemnd 

* Zeitschrift £. Biologie, VIII., 297. 
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value ; and those fodders which contain them in the largest 
quantity are, other things being equal, the most valuable, 
since the albuminoids are the most eapensive ingredients 
to produce. 

Occurrence in Plants,—This is not the place for a 
discussion of the composition of the various fodders, but a 
few general considerations regarding the distribution of 
the albuminoids in the plant may not be out of place. 

In the plant, as in the animal, life manifests itself chiefly 
through the albuminoids, and consequently all young and 
growing plants and parts of plants contain them abundantly, 
while in the older portions, which have for the most part 
finished their growth, they are present in much smaller 
proportion, both owing to the increase of other substances, 
chiefly woody-fibre, and an actual transfer (translocation) of 
albuminoids to other parts of the plant. This is one reason 
of the greater nutritive value of young grass and green 
fodder in general, of hay cut while still young, ete. (See. 
however, page 290).) 

In nature plants the albnminoids tend to accumulate in 
the seeds. Thus the grains, beans, peas, ete., contain large 
quantities of albuminoids and owe to them, in a large meas- 
ure, their value as fodder, while the plants on which they 

grow, if allowed to stand till the seed is ripe, become cor- 
respondingly impoverished in these compounds. 

In the case of the cereals, it is the seeds which we desire, 

and hence we allow the plant to mature. 
On the other hand, in the case of the grasses, belonging 

to the same natural family (gramenece), we use the whole 
plant as fodder, and hence cut it before the seed matures, 
because, although the whole amount of albuminoids 1s not 

decreased in ripening, it is largely stored up in the seeds, 

and these are mostly lost in the processes of curing, while 
a* 
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such as are retained, owing to their small size, escape inas- 
tication and are not digested. 

The proportion of albuminoids in the same species of 
plants and in the same parts of the plant differs according 
to the quality of the soil on which it is grown, the manur- 
ing, the weather, and other circumstances, so that it is only 
by means of numerous analyses that the average composi- 
tion of any fodder can be ascertained. A discussion of 
these points and of the results of analyses of the more im- 
portant fodders will be found in Part IL. 

Orner Nrrrocenous Constituents of Pranrs.—Vari- 
ous nitrogenous substances not belonging to the albumi- 
noid group have been found in plants. For our present 
purpose, we may divide them into four classes: 

1. Nitrates, nitrites, and ammonta salts ; 
2. Peptones ; 

3. Alkalods ; 
4 Amines, amides, and amido-acids. 

Nitrates, Nitrites, and Ammonia Salts.—These sub- 
stances usually occur very sparingly in plants, though beets, 
and probably other root crops, contain considerable quan- 
tities of them, and maize also frequently contains a not in- 
considerable amount of nitrates. These substances, how- 

ever, need hardly be taken into account here, since they 
have no nutritive value. 

Peptones.—Ivecently, v. Gorup-Besanez has shown (Ger. 
Deut. Chem. Ges., 1874, p. 1478) that the seeds of the vetch 
contain a ferment capable of converting starch into sugar 
and albuminoids into peptones,* and a similar substance has 
since been found in other seeds. It is highly probable that, 

scttenannemncecmnminenmane memati asada datamementneasanalitaadamenmnmdliiccce’ cai leaded ated naenerndnetndteninidamnaaninntninndametimenmdeniedinaaneandatiansanaaniaamenmeninmeaneeammen enna! 

*Seep 99. 
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during germination, these ferments act on the albuminoids 
of the seeds, converting them into peptones and so facilitat- 
ing their translocation into the young plant. How exten- 
sively or 1n what amount peptones are to be found in plants, 
we have no certain knowledge. 

Alkaloids.—The term alkaloid (alkali-like) is applied 
to a class of organic bodies possessing more or less marked 
alkaline characters, a bitter taste, and poisonous or nar- 
cotic qualities. Morphine, strychnine, and nicotine, are 

common examples. These bodies, though quite widely 
distributed in the vegetable kingdom, occur in few of 
our ordinary fodder plants, the principal one being the 
lupine. Siewert (Judresber. f. Agr. Chem., 138-15, IL. 6) 
found in the seeds of the yellow lupine 0.6 per cent. of 
alkaloids, and in those of the blue lupine 0.63 per cent., 
and Ii. Schulze (Landw. Jahrbucher, VIIL, 37) obtained 
only 0.39 per cent. 
Amines, Amides, and Amido-acids.—By these names 

the chemist understands certain nitrogenous organic sub- 
stances, having a more or less close chemical resemblance 
to ammonia. When solid, they are generally crystalline 
and soluble in water, and pass easily through a moist 
membrane by the process of liquid diffusion, differing in 
these respects from the albuminoids, many of which are 
slightly or not at all soluble in water, and all of which are 
non-crystalline, and diffuse with extreme slowness. Most 

of them, when boiled with dilute acids or alkalies, give off 

their nitrogen, wholly or in part, as ammonia. 

The first one to be discovered was asparagin (amido- 

succinamic acid) by Vanquelin and Robinet in 1805, in 

asparagus shoots. The same body has since been found 

in a large number of plants or parts of plants, and appears 

to be quite widely distributed in the vegetable kingdom. 
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Several other substances belonging to the same class 
have also been isolated. Scheibler * discovered betain 
(tri-methyl glycocoll) in mangolds, v. Gorup- Besanez + 
found leucin in gerininating vetches, Schulze and Urich ¢ 
have shown that glutamin is contained in mangolds, and 
the same body, along with some tyrosin, was found by 
Schulze and Barbieri§ in germinating squash seeds, and it 
is highly probable that other similar bodies will yet be 
isolated. 

Functions in the Plant.—The investigations of Pfeffer | 
on asparagin showed that this body was abundantly formed, 
during the germination of leguminous plants, by the split- 
ting up of the protein of the seed, and, after being dissolved 
in the water always present and thus transferred to the 
young plant, was reconverted into protein. That is, it 
served, by virtue of its solubility and diftusibility, to render 
available to the plant the insoluble albuminoids of the 
seed. Later researches by E. Sehulze, {and especially by 
Borodin, ** seem, however, to show that the formation of 
asparagin is not limited to germination, but that the trans- 
fer of protein from one part of the plant to another 
which is continually taking place during growth is also 
effected by the avency of this and other amides. 

Borodin also believes that asparagin (and other like 
bodies ?) is being continually produced in the living plant. 
According to him, the respiration of the plant takes place 
ce eeienettnain abitbiaiesianannimmmenaannamaaimmianenanediabnemunnen emai neimmemieennnapetaaenaeinieenonmamamaneaanmieener anette e rrene eT  Te 

* Zeitschrift fur Rubenzucker-Industrie, XVI , 229. 
+ Ber. Deut Chem. Ges., VII., 147, 
t Versuchs-Stationen, XX , 193. 
§ Landw. Jahrbicher, V1, 681. 
| Jahrbticher fur Wiss Botanik, VIII., 580. 
4] Landw. Jahrbucher, VII , 411. 
** Botanische Zeitung, Jahry. 86, Nr. 51 and 52, 
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at the expense of the albuminoids of the protoplasm, which 
aie decomposed with formation of asparagin. Under noi- 
mal conditions, the latter is regenerated to protein, but 
under certain circumstances it may accumulate in the 
plant. 

According to Schulze, various amides are formed in this 
process, some of which are rapidly regenerated, while 
others are utuized but slowly, and hence accunmlate in 
comparatively large quantities. 

This view is supported by the results of Kellner,* who 
found a considerable amount of amides in a large number 
of growing plants. Ilis experiments weie made chiefly on 
fodder plants, in some of which over 80 per cent. of the 
total nitrogen was found to exist in amide form, but con- 
siderable quantities of these bodies were also found in the 
green parts of several species of trees. 

Furthermore, Schulze and Urich+ have shown that 
beets, and, presumably, other roots, contain large quanti 
ties of amides, and that in the second year’s growth they 
pass into the plant and serve as a source of protein. 

Amides have also been found in considerable amounts in 
potatoes, where they doubtless perform a similar function. 

It is but recently that investigation into the proportion 
of amides in fodder-plants has been begun, and our knowl- 
edge of the extent of their occurrence is still quite limited. 
In view of the importance of the matter, it is earnestly to 
be desired that it should receive a speedy and thorough in- 
vestigation, extending at least so far as to determine the 
average proportion of albuminoids and non-albuminoids 
in our common feeding-stuffs. 

* Landw. Jahrbucher, VIII , I Supplement, 248. 

+ Veisuchs-Stationen, KX., 214. 
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23. Nox-Nrrrocenous NUrRrients. 

Cartiypraitrs.—The chief substances composing this 
group of non-nitrogenons nutrients are cellulose, or woody- 
jfibre; starch; dextrine; cane, grape, milk, and fruit 
sugar ; and the gums. “ These bodies, especially cellulose 
and starch, form by far the larger share of all the dry matter 

of vegetation, and most of them are distributed through 
all parts of plants.” They owe their name to the fact 
that they all contain, besides carbon, the elements hydrogen 
and oxygen in the proportions in which the latter exist in 
water. This similarity of composition and their ready 
transformation into each other, both artificially and in the 
plant, show that they are nearly related chemically. 

Cellulose.—All plants consist of cells or microscopic 
closed sacks or tubes adhering together. The walls of 
these cells are composed of cellulose, and hence the latter 
is a constituent of all vegetable tissue, constituting, as it 
were, its frame-work. In those parts of the plant where 
greater strength is needed, the originally thin walls of the 
cells increase greatly in thickness, and often become im- 
pregnated with a harder substance or substances known as 
lignin, making them still tougher. This is especially the 
ease with the stems. I oliage, and the husks, etc., of fruits, 
also contain much cellulose. 

Properties.—Pure cellulose is an odorless and tasteless 
solid, varying somewhat in appearance, according to its 
source, but usually white in color, and with a silky or 
horny lustre. Cotton, flax, and hemp, and cloth and unsized 
paper made from them are examples of nearly pure cellu- 
lose. 

It is distinguished from the other bodies of this group 
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by its slight solubility; neither dilute acids nor alkalies, 
water, or any of the ordinary sulvents, dissolve it. ence, 

it may be obtained by acting on vegetable matter with 
various solvents till all other substances are removed. 

If cellulose be exposed for some time to the action of 
strong oil-of-vitriol, or be boiled for some hours with dilute 
acids or alkalies, it is converted first into dextrine and then 

into grape-sugar. If treated with iodine and then with 
strong sulphuric acid, it assumes a deep-blue color. This 
reaction serves to identify cellulose under the microscope. 

Com position.—Pure cellulose has exactly the same com 
position as starch, viz. : 

Carbon... cece eee cece ea anes sooo eencaee . 44.44 per cent. 

Hydrogen... .0..ececenenee dace cence ceeeee 6.17 s 

OXYPCN..... eee e eee wesenccenees sescecee 49.39 “t 

100.00 

As intimated above, however, it is seldom found pure, 
except in the young and tender parts of plants, but is 
usually more or less impregnated with substances to which 
the collective name of lignin has been given, and the follow- 
ing composition assigned : 

Carbon..... ences nee aw enenace eee ecaee 55.3 per cent. 

Hydrogen...........6- we shee e eee eteetaceees 5.8 ‘e 
OXYZON.. cee eee ee eee cae bet eeeeeaese .» 38.9 ‘6 

100.0 

This is, however, simply the inferred composition of 
what is left after cellulose has been removed, and not the 
result of direct analysis. But it is certain that lignin 
(using the name in a collective sense) is richer in carbon 
than cellulose, and as a membrane becomes impregnated 
with the former, its percentage of that element increases. 
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Digestibility.—Cellulose was long thought to be indiges- 
tible. 

IJaubner * was the first to show that this belief was er- 
roneous, and that the ruminants were capable of digesting 
Jarge quantities of this substance. I1is results have since 
been verified in innumerable digestion eaperiments, which 
have shown that cellulose forms an important ingredient 
in the fodder, not only of ruminants, but of all our herbi- 
vorous domestic animals. 

The proportion of cellulose which is digested varies very 
considerably according to the kind and quality of the fodder 
and the species of animal to which it is fed. 

Of the cellulose of the ordinary coarse fodders, from 
about 30 to 70 per cent. is digested by rnminants, while the 
cellulose of the cereal grains seems much less digestible. 
In general, the younger and more tender a feeding-stuff is, 
the greater is the amount of cellulose which is digested, 
while in old and woody plants, in which much lignin is 
formed, its digestibility is considerably less. The lignin 
itself appears to be entirely indigestible. 
Determination.—The amount of cellulose in a fodder 

is usually determined by successively boiling the finely 
divided material with dilute acid and dilute alkali, and 

washing with alcohol and ether. These solvents remove 
the other constituents of the fodder and leave the Gmpure) 
cellulose behind. The residue, after deduction of the 
small quantities of ash and albuminoids which it still con- 
tains, is designated as crude jibre. 

It is by no means pure cellulose, but is chiefly a mixture 
of the latter with lignin. The crude fibre obtained from 

‘cemetary eihnepean ema c nidniaaiememennn ieammaimmeeninnminanean naman aneemerumeanimentenmaanamememmnanemeneaanad Se emaied 

* Amts- und Anzeigeblatt f. d. landw. Vereine des Konigreichs 

Sachsen, 1854, Ni. 6; also, Zeitschr f. D. Landw. 1855, 177. 
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different fodders according to this method has a varying 
appearance and composition; the crude fibre, e. g., pre- 
pared from hay and straw, contains £5 to 46 per cent. of 
carbon, while that from clover hay and the straw of the 
legumes contains 48 to 49 per cent. of the same element ; 
that is, the latter is richer in lignin than the former. 

It is evident from these considerations that the ernde 
fibre is not a definite body, but a variable mixture of several 
substances. ‘The method just described is, indeed, simply 

a conventional one, agreed on by chemists for lack of a 
better, and the term crude fibre simply means the residue 
obtained by treating the fodder in the prescribed manner. 

The results, especially when combined with digestion ex- 
periments, are of great value, but it is still much to be re- 
gretted that no more accurate method has yet been devised. 
Starch.—Next to water and cellulose, starch is the most 

abundant substance in the vegetable world, being found 
in all plants and in al.nost all parts of them. It appears 
to be first formed in the green leaves, as the product of 
the reduction of the carbonic aeid of the air under the in- 
finence of sunlight, and from thence to be distributed, by 
a process uf solution and redeposition, to all the organs of 
the plant. It is found in large quantity in the seeds of the 
cereals, wheat, ¢. g., containing 61 to 76 per cent. of it in 

the dry substance, and constitutes a large proportion of the 
dry matter of potatoes and other tubers.* 

Properties.—Pure starch is an odorless and tasteless 
white powder, which, when examined under the micro- 
scope, is seen to consist of minute organized grains. These 
starch grains are formed in the plant by a process of 

neem ener enannettaetintreaneratetiteNetimi ahi PATE =item me ph nmpyatneneet aie eam RASH 

* The artichoke and some other tubers contain, instead of starch, a 

body closely resembling 1t, called inulin. Inulin exists in plants both 

as a liquid and in grains Jt gives no coloration with iodine 
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growth, and vary in size and appearance according to the 
species of plant which produces them, so that starch from 
different sources can be readily distinguished. 

They are composed of two substances—a skeleton of a 
material resembling cellulose and called starch-cellulose, and 
a more soluble substance called granulose, which constitutes 
by far the larger part of the grains. A characteristic 
property of starch is that, when brought in contact with a 
minute quantity of iodine in solution, it assumes a beauti- 
ful blue color. This property seems to reside in the granu- 
lose, since, if this be removed by solvents, the residue 
gives no longer a blue but a yellow color with iodine, like 
ordinary cellulose. 

Starch is insoluble in cold water so long as the grains 
remain whole. If they are crushed and ground very fine 
with water, a minute quantity is dissolved. 
When heated with water nearly to boiling, the grains swell 

and burst, absorbing water and forming a jelly-like mass, 
but very little starch is really dissolved by this treatment. 

Starch, like cellulose, may be converted into dextrine and 
grape-sugar by boiling with acids or alkalies, but much 
more readily. The same transformation may be effected 
by dry heat, and by the action of diastase,* the ferment 
of malt, as in the preparation of beer and spirits. 

It is also rapidly dissolved and converted into sugar by 
the action of the saliva of the mouth and by the pancre- 
atic juice, and is, indeed, one of the most important of 
the non-nitrogenous nutrients, owing to its abundance and 
the comparative ease and completeness with which it is 
digested. 
Pememeqe nn 

* Diastase produces a peculiar kind of sugar called maltose, instead 
of grape sugar, 
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The composition o£ dry starch is the same as that of 
cellulose, viz. : 

0725 0 6 6) » ace ee een e nes 44 44 

FY ArOgen oe cece cece cece eee cee eten cece nnees 6.17 

OXyEen .. ewe eee cee ceseeee wate eee ew ee nenenne 49.39 

100.00 

In the air-dry state it contains 12 to 20 per cent. of 
water. 

Dextrine seldom has been found in plants, at least in 
any considerable quantity, and is chiefly interesting in this 
connection on account of its relations to starch and sugar. 

It is prepared commercially In large quantities, under 
the name of British gum, by the action of dry heat on 
starch. It is formed in the same way from starch during 
the baking of bread, and is an important ingredient of 
food prepared by cooking materials containing starch. It 
appears to be entirely digestible. 
The Sugars.—There are four principal kinds of sugar, 

viz. : cane-sugar, obtained from the juice of the sngar-cane, 
the sugar-beet, sugai-maple, and other plants, and forming 
the ordinary sugar of commerce; m2A-sugar, occurring in 
the milk of mammalia; and grape-sugar and fruit-sugar, 
usually occurring together in the juices of plants and sweet 
fruits and in honey. Grape-sugar is also known as glucose 
and dextrose, and fruit-sugar as levulose. 

These sugars have the following composition : 

Carbon, Hydrogen. Oxygen. 
Per cent. Per cent, Per cent. 

Cane-sugar t 9 
Malk sugar een nates 42, 11 6 43 51.46 

Grape-sugar | 40 00 6.67 53.33 
Fruit sugar | 
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They all resemble, in a general way, cane-sugar in their 

properties, though they are by no means identical. 

For our present purpose, it is sufficient to say that they 

are all readily soluble in water, and hence easily digestible. 
They are important nutrients, being formed in large quan- 
tities, in digestion, from other carbhydrates, though in the 
ordinary fodders they occur in only sinall quantity. 
The Gums.—Another group of substances of consider- 

able importance is the gums, of which gum-arabic may 
be taken as a representative. 

They are found in small proportions in various vegeta- 
ble products, and in considerable quantity in the ordinary 
bread grains. They appear to be digestible by domestic 
animals, but of their value as nutrients we know as yet 
but little. Probably, however, they are practically about 
equivalent to starch. 

Mutual Relations of the Carbhydrates,—The close 
relationship between the several members of this group of 
substances which is indicated by their analogous composi- 
tion is shown still more plainly both by their ready con- 
version one into another, in nature and in the laboratory, 
and by their behavior to various reagents. 

In the plant, starch seems to be the first formed, and 
from it all the other carbhydrates are produced, while 
these may be converted back again into starch. 

In germination, the starch of the seed is converted into 
dextrine and sugar, which are carried in solution to the 
young plant, there to form cellulose or be reconverted into 
starch. In older plants, cellulose may be dissolved or con- 
verted into gum or vegetable mucilage. 

In the laboratory, all the various carbhydrates are finally 
converted by heat or by boiling with acids or alkalies, first 
into dextrine and then into some form of sugar. 
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The close relationship between starch and cellulose is 
also shown by their behavior toward iodine. As we have 
seen, starch is colored blue by this reagent, while cellulose 
requires the addition of sulphuric acid (or one of several 
other substances) to produce the blue color. 

It is only the granulose of starch, however, which gives 
a blue with iodine, while the starch-cellulose vehaves like 
ordinary cellulose, and, on the other hand, J. Kuhn™* has 

shown that the cotyleduns of the flax-seed contain a form 
of cellulose which is colored blue by iodine alone. 

Indeed, the most recent investigations seem to show 
that there is a numerous series of carbhydrates, varying 
from the most insoluble and resistent to the most soluble 
and easily attacked forms, and capable of mutual intercon- 
version in the plant and, to a certain extent, out of it. 

Tue Pecrw Scussrances.—This group includes a num- 
ber of bodies of rather uncertain composition, which are 
the characteristic ingredients of fruit-jellies. They are 
found in ripe fruits, and, together with sugar, constitute 
the larger part of the non-nitrogenous organic matter of 
the common root crops. Uncooked fruits and roots are 
supposed to contain a body called pectose, which, on boil- 
ing with water or exposure to heat, is converted into 
pectin, which is soft and soluble in water. It is this 
change which takes place in the cooking of fruit. 
By further heating, the pectin is converted into pectic 

and pectosic acids. These substances are insoluble in cold 
water, and constitute the essential part of fruit-jelly. Pee- 
tosic acid is soluble in boiling water, and hence most jel- 
lies become liquid on heating ; on cooling, its solution gela- 
{inizes again. Pectic acid is insoluble, even in boiling water. 

* Erndhrung des Rindviehes, 6th ed., p. 49. 
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By long-continued boiling, all these bodies are convertcd 
into metapectic acid, which is quite soluble and has a sour 
taste. 

All these budies are digestible, and are not uninportant 
as nutrients. They probably play much the same part in 
nutrition as the carbhydrates. 

Tur Fats.—Composition.—The fats found in plants 
have essentially the same composition as that possessed by 
those occurring in the animal body, and already noted on 
page 12, viz., on an average: 

Carbon... cc cece cece etree ence ec cen eesensoes 76 5 per cent. 
Hydrogen. ... cc. cece eee eee ae ee ce ecesenes 12.0 * 
Oxygen....... vee ect e cence a eee een ene eeaae 11.5 “ 

100.0 

It will be noticed that these nutrients differ from those 
hitherto considered in containing a much larger proportion 
of carbon and a much smaller one of oxygen. They con- 
sequently require much more oxygen for their complete 
combustion and give out about two and one-half times as 
much heat in burning as the carbhydrates, a fact of great 
importance in connection with the production of animal 
heat, and which will be treated of more fully in a subse- 
quent chapter. 
Occurrence.— at is found in small quantities in almost 

all plants. 
In roots we find 0.1 to 0.2 per cent. ; in hay and straw, 

1.0 to 3.0 per cent.; in the cereal grains, 1.5 to 3.0 per 
cent., except in oats, which contain as much as 6 per 
cent.; and in maize about 4 to 9 per cent. It is especial- 
ly, however, in the seeds of certain plants that fat or oil 
occurs. 

Lhe seeds of flax, hemp, colza, cotton, and numerous 
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other plants, contain from 10 to £0 per cent. of oil, aceom- 

panied generally by a considerable quantity of protein. 

The oil forms an article of commerce, and is commonly 
obtained by simply pressing the seeds. 
By this process, however, it is impossible to separate all 

the fat, and in the residue of the manufacture—oil cake, 

‘ape cake, cotton-seed cake, ete.—there is left a cunsider- 

able amount (8 to 12 per cent.) of oil, together with nearly 
all the albuminoids, and hence, owing to the importance of 
both classes of nutrients, these residues constitute most 

valuable fodder materials. 
Sometimes the oil is extracted by means of solution in 

bisulphide of carbon instead of by pressing. In this case 
the residue is valuable chiefly on account of its albuminoids, 
the fat content being reduced to from 2 to 4 per cent. 

Value.—In the ordinary fodder of our domestic animals 
fat plays a rather subordinate part, but in rapid fattening it 
is a most important aid, though, as we shall see, it is by 
no means the sole source of fat to the animal body. In 
addition to its direct nutritive effect, it also aids in the 

digestion and resorption of the important albuminoids. 

3 4. INornaanic NUTRIENTS. 

These comprise the substances found in the ashes of 
plants—the so-called inorganic or mineral constituents. 
The need of these in the animal organism and fheir func- 
tions, so far as known, have been already sufficiently 
spoken of in Chapter I. In all ordinary cases a ration 
which contains sufficient organic nutrients will also contain 

an abundance of the inorganic, so that commonly no special 
consideration of the quantity of the latter is necessary, with 
the exception of common salt, which, for reasons already 
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given, is needed in larger amounts than those contained in 
most fodders. 

Such being the case it is not necessary, for the purposes 
of the present work, to do more than mention these sub- 
stances, 

¢5. Foppmr ANArysis. 

In the preceding sections we have indicated briefly the 
occurrence and properties of the most important nutrients. 

It only remains to describe, in a general way, the usual 
methods of determining the amount of these present in 
any fodder. 

In the present state of our knowledge it is impossible, 
even were it necessary, to separate and determine «wl/ the 
multitudinous substances which may occur in a fodder, and 
we must content ourselves with distinguishing the several 
groups of nutrients. 
Albuminoids,+—The amount of albuminoids in a fodder 

has generally been found by multiplying its content of 
nitrogen by 6.25,{it being assumed, first, that all the albu- 
minoids contain 16 per cent. of nitrogen, and, second, that 
no other nitrogenous substances are present] 

Neither of these assumptions being, as we have seen, 
trictly true, it follows that the result can only be approai- 

mate, and in view of this fact it is designated as erude 
protem. 

Of the two sources of error arising under the above as- 
sumptions, the second is the more serious. Itis only within 
a very short time that feeding-stuffs have begun to be ex- 
amined for amides, but the results already obtained show 
that these bodies are to be found far more extensively, ahd 
in greater quantity, in feeding-stuffs than was before sus- 
pected. This is especially the case with those fodders 
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which, like hay, and coarse fodders in general, are cut 
when still immature, and with roots; while the grains 
appear to contain practically all their nitrogen in the form 
of protein. 

In the present state of our knowledge a simple determi- 
nation of the tutal nitrogen of a fodder is not sufficient, 
but either the amide-nitrogen must be determined or the 
protein must be separated from the other nitrogenous 
matters, by some one of the numerous methods which have 
been proposed, and a separate estimation of its nitrogen 
made. 

The error arising from the somewhat variable compo- 
sition of the numerous vegetable albuminoids we have, 
unfortunately, no means of correcting. In the present 
state of our kmowledge, it is impossible to fix upon 
separate factors, either for the several albuminoi ’ 
different classes of feeding-stuffs, since the same albumin+ 
oid may vary considerably in composition according to its 
source or mode of preparation, and since the proportions 
in which these albuminoids are contained in the same 
vegetable product also vary. Moreover, we have no knowl- 
edge whatever regarding the composition of the albumin- 
oids of an important class of feeding-stuffs, the so-called 
coarse fodders. 

For the present we are obliged to continue the use of 
the conventional factor 6.25, bearing always in mind that 
it is but an approximation to the truth, though probably 
in most cases a tolerably close approximation. 
Amides.—For the determination of amides Sachsse’s 

method is generally used. The details of the method are 
too technical to find a place here; a description of the two 
processes proposed by Sachsse may be found in his book, 
“Die Chemie und Physiologie der Farbstoffe, Kohlehydrate 

3 
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und Proteinsubstanzen,” Leipzig, 1877, pp. 256 and 258, 
and a combination of the two methods, as proposed by 
E. Schulze, in “ Die Landwirthschafilichen Versuchs-Stu- 
tionen, XX., 117. 

Cellulose, as already stated (page 40), is determined by 
removing other substances, so far as possible, by boiling with 
dilute acid and alkali, washing with alcohol and ether, and 
deducting from the weight of the residue the ash and 
albuminoids which it still contains. The result gives the 
amount of crude fibre. 

Fat is determined by dissolving it out of the dried fod- 
der by extiaction with renewed quantities of common (dry) 
ether, evaporating off the ether from the resulting solution, 
and weighing the fat remaining after careful drying at 
100° C. 

The ether eatract of most grains and the residues from 
them can be considered as tolerably pure fat, but that of 
all green and coarse fodders, such as hay, straw, stover, 
etc., consists of a miature of the most various substances, 
among which, along with the real fat, numerous wax and tar- 
like bodies, and especially leaf-green, or chlorophyll, occur 
in varying quantity. These substances are certainly of very 
varying importance, and in part are entirely indigestible. 
Ash.—The mineral matter, or ash, of a fodder is deter- 

mined by carefully burning a weighed quantity at as low 
a temperature as possible, to avoid volatilization of alkaline 
chlorides. 
From the ash thus obtained is deducted any particles of 

coal which it contains, and also the eaibonic acid, since the 
latter is only formed in the burning of the organic matter, 
and is often very variable in quantity, according to the 
temperature at which the ash is prepared, so that it is not 
properly a constituent of the latter. 
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Nitrogen-free Extract.—All that remains of the dry 
matter of the fodder, after deducting the crude protein, 
crude fibre, crude fat, and ash, is designated as nitrogen- 
free extract (N. fr. Extr.); that is, the quantity of the lat- 
ter is determined by difference. 

In all grains and roots this is of a tolerably simple na- 
ture, and consists chiefly of starch or sugar and bodies of 
the pectin group, and sometimes of vegetable mucilage, 
which has a composition analogous to that of starch and 
exerts, probably, an equal nutritive effect. 

But in green and coarse fodders we have, in addition, 
varying quantities of gum-like substances and of lignin, 

which latter partly dissolves when the fodder is treated 
with acids and alkalies, but, at the same time, appears not 
to be resorbed in the alimentary canal, and therefore not 
to contribute to the nourishment of the animal. 

On the other hand, we shall see further on that all of 

the nitrogen-free extract which is really digested has the 
percentage composition of starch, and that, therefore, the 
non-nitrogenous nutrients of fodders, with the eaception 
of fat, may be considered in general as carbhydrates. 

The small quantities of organic acids and other bodies 
present are of no direct importance as nutrients, though 
they often have an important indirect influence, either by 
imparting to the fodder an agreeable taste or smell, or the 
reverse, by some specific physiological action, or by impart- 
ing undesirable properties to the products of the animal 
—e. g., the well-known effect of cabbage, rape cake, or 
onions on milk. 

Nutritive Ratio.— Along with the composition of a 
fodder we usually find given its nutretive ratio, by which 
we understand the ratio of the digestible protein to the 
digestible non-nitrogenous nutrients. 
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From the results of large numbers of digestion experi- 
ments, we are able to tell, with a good degree of certainty, 

what percentage of the several nutrients of any fodder is 
digestible, and these results are to be found in tables of 
“digestion coeflicients.” 

Suppose, now, that we have the analysis of a sample of 
average meadow hay of the following composition : 

Water...... acento n ees pect nee eeeeeseanene 14 8 per cent. 

oN) | 6.2 “t 

Protein. 0. cee ee cee ce cee eee eens neees 9.7 “é 

Crude-fibre ... 2.0. eee eee eee eee sevecaee 26.3 “ 

Nitrogen-free extract 20... ..ccen cece eee cues 41.0 ee 
Fat oe POGOe He HR Be Re ee RE TH Hee HD * @ #e @e nee eee fe eee 2.0 ee 

100.0 

The average of all available experiments shows that the 
following proportions of the different nutrients are digest- 
ible : 

Protein... 2... cece cecnes weet cee canoe sees .-.«. 56 per cenit, 
Orude-fibre. 0... ccc cee ce cee eats cee aeaee 57 6 

Nitrogen-free extract... . eee e eee eee eee eee 63 6 
Fat ..... eee t eect tenes ence et ee et aseeereeses 48 “6 

We therefore multiply the amount of each nutrient con- 
tained in the fodder by the corresponding digestion co- 
efficient, and obtain the following results: 

Digestible protein..........+5.. = 9.7x0.56= 5 4 per cent. 
vt crude-fibre .......... 2226.3 x 0.57=15.0 he 

6s extract .........000. =41.0 x 0.638==25.8 “é 

¢ 2) rr = 2.5x0.48= 1.2 ee 

The digestible portions of the erude-fibre and nitrogen- 
free extract have been shown to have the composition of 
starch, and may be considered as of equal nutritive value, 
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pound for pound ; but the fat produces a greater effect in 
the body than an equal weight of carbhydrates, and this 
fact must be taken intu account. It was formerly believed 
that the non-nitrogenous nutrients served chiefly as fuel in 
the body to maintain the animal heat, and that since a 
pound of fat yields two and one-half times as much heat 
when burned as a pound of starch, it was therefore two 
and one-half times as valuable a food, and hence, in caleu- 

lating nutritive ratios, the fat was reduced to its “ starch 
equivalent” by multiplication by 24. We now know that 
this is but a partial and, for purposes of feeding, a mis- 
leading view, and it is probable that in time the present 
factor, 24, will be replaced by a more correct one; but that 
time is not yet, and, in the meantime, we must follow 
established custom, for the sake of rendering our analyses 
eomparable with others. 
We therefore make the following calculation: 

Digestible fat x 2h... - ccc cece eee cee ence ee ewer cece = 38.0 
Digestible fibre... 0... cc cee cece ccm e tece nwa neuen =15 0 

Digestible extract... 0.0... ce ecw ew eee tte wencceecee ==25 & 

43.8 

Digestible protein. ...... 2a eee cee cees ee eeecece = 0.4 

The nutritive ratio, then, is 5.4: 48.8, or 1: 8.1; the 

quantity of digestible protein being usually taken as 
unity. 



CHAPTER OL 

DIGESTION AND RESORPTION. 

§ 1. DIGESTION. 

Introductory.—The nutrients described in the preced- 
ing chapter, as they occur in the ordinary fodders, are not 
in suitable condition to become at once part of the body. 
They must be separated from the various useless substan- 
ces with which they are associated, and be converted into 
soluble forms, befo1e they can be taken up into the circula- 
tion and so serve to nourish the body ;—that is, they must 
be digested. 

“The digestive apparatus has been compared to the fit- 
tings of a pharmaceutist’s laboratory in which extracts are 
prepared from organic substances. As, there, the mass to 
be extracted 1s pulverized by mortars, rasps, knives, and 
similar tools, so are the feeding-stuffs by the teeth of the 
animal; what is effected there by water, alcohol, ether, and 
other extracting fluids, the digestive juices which are se- 
creted by various glands, and with which the whole mass 
to be digested is saturated, do in the animal body. 

“ As, in the laboratory, the sufficiently extracted materials 
are filtered to obtain the finished extract, so the filtration 

of the extracted nutrients in the animal body takes place 
through the membranes of the intestines. 

“In the laboratory, the finished extract is received into a 
suitable vessel, and the worthless residue is thrown away ; 
in the body, the blood and lymph vessels receive the ex- 
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tracted nutrients, while the undissolved residue, which has 
no nutritive value, is removed from the body in the form 
of the solid excrements. 

“There exists, however, one great difference between the 
extracts prepaied in the laboratory and those produced in 
the animal organism; the former contain, unaltered, the 
soluble matters which were present in the crude materials, 
while the constituents of the latter are essentially different 
from those contained in the tood. 

“This difference is due to the fact that the action of the 
digestive fluids is a more energetic one, and is accompanied 
by a chemical alte1ation of the dissoly ed substances.” —(Set- 
teyast.) 

Mastication and Insalivation.—The process of diges- 
tion takes place in the alimentary canal, consisting of the 
mouth, gullet, stomach, and small and large intestines. 

The first step in the process takes place in the mouth, 
and consists, in the first place, of the act of mastication, 
by which the food is brohen up and thus made to expose 
more surface to the action of the digestive fluids. At the 
same time certain glands (salivary glands), opening into 
the mouth, pour out abundantly a fluid known as the 
saliva. ‘The secretion of the different salivary glands varies 
considerably 1 in appearance and properties. The mixed sa- 
liva, as it is found in the mouth, is a watery, alkaline, 
somewhat slimy, transparent or slightly turbid finid, con- 
taining from one-half to one per cent. of solid matter. 
This fluid is mixed thoroughly with the food during mas- 
tication, and serves to moisten and soften it and so to 

bung it into a, suitable condition to be swallowed and 
further acted upon. 

Besides moistening the food, however, the saliva con- 
tains a ferment, called ptyadin, which has the power, at 
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the temperature of the body, of acting upon starch with 
very much the same results as boiling dilute acids or alka- 
lies, viz., converting it into a form of sugar, 2. ¢., a soluble 
substance which can easily pass into the circulation. To how 
great an extent this action takes place is a somewhat dis- 
puted point, but there seems to be little doubt that it is at 
least of some consequence, though it by no means completes 
the digestion of the starch, especially in animals having a 
simple stomach. Moreover, the saliva, being a very watery 
secretion, dissolves the soluble matters of the food, and 
forms, to a certain eatent, an aqueous extract of it. 
Rumination.—From the mouth, the food, after being 

formed into morsels by the tongue, passes through the 
gullet to the stomach. 

In animals with a simple 
é “stomach, the horse or hog, e. ¢., 

4 the acts of mastication and in- 
mT ° . 

salivation are performed com- 
6 (Ne) pletely at first, but in the case 

L4 of animals that chew the cud 
(ruminants), the food is at first 

e only slightly chewed, and then 
passes into one of the divisions 
of their compound stomach. 

The stomach of the ruminants 
consists of four divisions, as 
shown in outline in fig. 2. 

The slightly-chewed masses 
pass first throngh the gullet, 

a, into the largest division of the stomach, the paunch 
or first stomach, 64, and paitly also into the second stom- 
ach or reticulum, c. 

Here they remain for a time, until softened by the sa- 

g 

Fig 2—(J Kuhn } 
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liva and the alkaline fluid secreted by the stomach: itself. 
What is dissolved here passes directly on through the 
other divisions of the stomach, while the undissolved sub- 
stances pass, a portion at atime, into the gullet, and are 
returned to the mouth to be thoroughly chewed and mixed 
with saliva. 

From the opening of the gullet into the first stomach, a 
passage called the wsophugeun demi-canal leads by the 
paunch and reticulum to the third stomach. This canal 
may be described as a continuation of the gullet, having 
a slit in its lower wall which forms an opening into the first 
and second stomachs. 
When the food is swallowed the first time, its bulk seems 

to open the slit in the canal so that it passes into these two 
stomachs as already stated. 
When swallowed the second time, a portion of it passes 

through this slit back into the first and second stomachs, 
but much of it goes on into the third stomach (omasum 
or manifolds), d, from which it does not return again to the 
mouth. 

The interior surface of this division of the stomach is 
composed of numerous folds of mucous membrane, between 

which the food is received and subjected to more or less 
mechanical action, while the numerous capillary blood- 
vessels which the folds contain take up whatever materials 
are dissolved. 

From the omasum the food passes to the fourth stomach, 
abomasum or rennet, 6, there to undergo the ordinary pro- 

cesses of digestion in the same manner as in animals with 
a simple stomach. 

So long as the young animal lives on milk alone, the 
first three divisions of the stomach remain undeveloped, 
and the food passes directly into the fourth; but as it 

3* 
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begins to eat more voluminous food the first three are de- 

veloped and begin their functions. 
Liquid foods, in the full-grown animal, pass partly into 

all four stomachs. 
The ruminants are thus especially adapted by nature to 

digest and utilize large volumes of coarse and relatively 
poor fodder, straw e. g., and to extract from them the 
nutrients which they contain. 

The opinion has been almost universally held that a cer- 
tain volume of fodder is essential to the well-being of rumi- 
nating animals, and that, when concentrated feeding-stuffs 
are used, they must be supplemented by a suitable amount of 
coarse fodder, such as hay or straw, in order that the im- 
portant function of rumination may not be disturbed. 

There is no doubt that a bulky fodder is the natural food 
of ruminants, but the somewhat famous experiments of 
Mr. Linus W. Miller, of Stockton, N. Y., seein to show 
that rumination may be suspended for a considerable time 
with no injurious results. 

Mr. Miller states that for several years he has success- 
fully wintered his cows on corn-meal exclusively, feeding 
about three quarts per day and head, and that, although 
rumination has been entirely suspended for some months, 
no ill-effects were observed. Several others have also tried 
his system with favorable results. 

The question of the sufficiency of such a ration we shall 
consider further on, but althongh the experiments have 
been the object of much criticism they certainly seem to 
show that a bulky fodder is not so essential to ruminants 
as has been supposed. 

Naturally, however, coarse fodders will continue to form 
the basis for the rations of our farm animals under most 
circumstances ; and since, in that case, the process of diges- 
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tion is a complicated and a slow one, the animals should be 
allowed the necessary time and repose to complete the act 
of rumination undisturbed. 

Gastrie Digestion.—In the fourth stomach of rumi- 

nants and the simple stomach of other animals, the food is 
subjected to the action of the gastrie juice. This fluid is 
produced by innumerable small glands, imbedded in the 
inner coat of the stomach, which, when excited by the pres- 
ence of solid matter in the latter, pour out abundantly 
a clear, colorless fluid, having a sour taste and smell, and 
containing two characteristic ingredients. 

One of these is muneutie acid, the chlorine of which 

comes from the salt of the food ; the other is pepsen, an or- 

ganic substance about whose composition and properties 
little is known with certainty, but which acts powerfully, at 
the temperature of the body, on the albuminoids of the 
food. 

Its first effect on the soluble albuminoids is to coagulate 
them. Afterward, however, the pepsin, in the presence of 
the muriatic acid of the gastric juice, acts on the coagulated 
or the originally solid albuminoids, and converts them into 
substances called peptones, having much the same proper- 
ties as protein, but soluble in water, and hence easily taken 

up into the circulation. 

The formation of peptones from albuminoids seems to be accom- 

plished by the assimilation by the latter of the elements of water, being 

similar to the formation of dextrine and sugar from starch by the ac- 

tion of acids or alkalies. Indeed, albumin, when treated with acids, 
yields peptones. 

According to Hoppe Seyler,* the chief action of pepsin consists in 

this, that 1t unites with the muriatic acid present, transfers 1t to the 

~_ _ seepnnnettneattomn — — Pee RIN pt ether Aneel a AMARA MAREE I 

« ** Physiologische Chemie,” 1878, p, 231. 
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protein, unites with a fresh quantity, transfers this, again, to the pro- 

tein, and so on to an indefinite extent. 

Jf this be true, the similarity between the action of the gastric juice 

and that of acids is very close. 

The quantity of pepsin concerned in this process is very 
small, and it is found that the same pepsin is capable of 
acting over and over again and converting apparently un- 
limited quantities of albuininvids into peptones, provided 
that more acid is added from time to time. 

It is stated that the digestion of the albuminoids by the 
pepsin and muriatic acid of the gastric juice, and their 
conversion into soluble peptones, is facilitated by the pres- 
ence of a little fat in the food, and by salt, which causes an 

increased secretion of the gastric juice. 
It is hindered by dilution of the gastric juice by large 

amounts of drink, and too high or too low a temperature 
of the drink may, by destroying the pepsin, suspend the 
digestion altogether, until new pepsin can be secreted. 

The action of the gastric juice on the food is aided by a 
peculiar action of the involuntary muscles which form one 
of the coats of the stomach. These keep the food con- 
tmually in motion in the stomach, and in this way miv it 
thoroughly with the gastric juice, so that all parts of it 
may be acted upon. 
By means of the gastric juice, aided by the motion of the 

stomach just described, purtions of the food are dissulved, 
and the whole converted into a more or less fluid mass 
called chyme. 
A portion of the chyme is resorbed in the stomach, and 

passes directly or indirectly into the circulation. This is 
the case with the sugar produced from the carbhydrates of 
the food by the saliva, with the vegetable acids, and in 
general with the easily soluble constituents of the chyme, 
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and with water. They are largely (not entirely) taken up 
by the blood-vessels of the stomach. Some of the pep- 
tones are also resorbed in the stomach, though not into the 
‘lood-vessels but into the lymphatics, but a large part of 
them, along with the portions of the fuod not yet acted on, 
leaves the stomach through a-valve, called the pylorus, at 
its lower end (/, fig. 2), and passes into the intestines 

(g, tig. 2). 
Intestinal Digestion.— The intestines form a long tube, 

fulded and bent many times upon itself, which, together with 
the stomach, liver, and a few other organs, fills the cavity 
of the abdomen. 

Its length varies very considerably in different animals. 
In carnivorous animals, which live on easily-digested and 
concentrated food, it is from four to six times the length of 
the body; while in herbivorous animals, which feed on vo- 
luminous fodder, it is very much longer, being ten to twelve 
times the length of the body in the horse, twenty times im 
the os, and twenty-five to twenty-six times in the goat. It 
is divided into two principal parts—the small intestine, be- 
ginning with the stomach and forming about % te 7 vf the 
whole length, and the large intestine, ending with the anns. 

The movement of the food through the intestines is 
accomplished by a peculiar worm-like mution of the latter, 
resembling that of the stomach and called the peristaltic 
motion. it is produced by the involuntary muscles of the 
intestines, and effects both a forward movement of the 

food and a mixture of it with the various digestive fluids 
to whose action it is subjected. 

Chief among these digestive fluids are the bile and the 
pancreatic juice. 

The bile, or gall, of the herbivora is a dark yellowish- 
green liquid, secreted hy the liver, the largest gland in the 
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body, and, in most animals, stored up in the gall-bladder 
till it is needed. 

The composition of the bile is very complex, and need 
not be taken up in detail here. It contains two character- 
istie coloring matters, bilirubmm and bilwerdin, but its 
most important and necessary ingredients are compounds 
of soda with certain organic acids, viz.: glycocholic and 
tawrocholic, and in the hog Ayoglycocholic acids. The soda 
of these compounds comes almost entirely from the salt 
(sodium chloride) of the food, while the same substance 
furnishes chlorine for the equally necessary muriatic acid 
of the gastric juice. 
The chief action of the bile is on the fat of the food. 

A small portion seems to be decomposed by the soda salts 
of the bile, forming soluble soda salts of the fatty acids 
(soaps); but the main effect is to emulsify the fat, that is, 
to separate it into minute globules like the butter globules 
in milk, and to hold these giobules suspended, so that the 
whole forms a thin fluid resembling milk and called an 
emulsion. This fluid can be taken up by the resorbent 
vessels of the intestines when the latter are wet with bile. 

Besides its function of digesting the fats, the bile serves 
to hinder, to some extent, the decay of the easily decom- 
posable albuminoids. 
When bile is added to the contents of the stomach in the 

state in which they enter the intestines, the peptones 
which they contain, as well as the pepsin, are precipitated 
and the digestive process is stopped. A further addition 
of bile, however, redissolves the precipitate, but since the 
muriatic acid of the gastric juice is neutralized by the soda 
of the bile, the action of the pepsin is stopped. In the in- 
testines, however, the latter is more than replaced by the 
ferment of the pancreatic juice. 
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Lhe bile is secreted in very considerable quantity, but 
most of what is not used in digestion is taken up by the 
blood-vessels and resorbents of the intestines. The color 
of the solid excrements is due largely to portions of the 
bile that escape resorption. 

The pancreatic juice, the secretign of the pancreas, or 
sweetbread, is a clear, viscid, colorless liquid, having a 
slightly salt taste and a distinctly alkaline reaction. 

Jt contains at least three distinct ferments, viz.: a dias- 
tuse, capable of converting starch into sugar; trypsin, 
which acts on the albuminoids; and a ferment which sepa- 

rates fats into glycerine and fatty acids. 
By virtue of the first of these ferments, the starch of 

the food which is not acted on in the stomach is rapidly 
converted into sugar. 

The trypsin of the pancreatic juice acts powerfully upon 
albuminoids in much the same way as the pepsin of the 
gastric juice, but with the differences that trypsin acts in 
alkaline or at most very weakly acid solution, and that 
the decomposition goes further. 

Under the action of pepsin the albuminoids yield chiefly 
peptones, with small quantities of the well-known amides, 
leucin and tyrosin, while trypsin, on the contrary, decom- 
poses the peptones at first formed, and produces abundant 
quantities of the amides just mentioned, at least in artifi- 
cial digestion experiments. 

The action of the pancreatic juice upon the fats is a 
two-fold one; it rapidly converts them into an exceedingly 
fine and permanent emulsion, and more slowly decom- 
poses them into their constituents, glycerine and fatty 
acids. 

It will thus be seen that the pancreatic juice is a most 
important secretion, acting, as it does, upon all three 
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classes of nutrients and supplementing the saliva, the 

gastric juice, and the bile. 

Intestinal fluid.—lt is commonly stated that, in addi- 
tion to the bile and pancreatic juice, the food is acted on 
by a third fluid secreted by numerous little glands, known 
as Lieberkuhn’s glandg, in the mucous membiane of the 
intestines. The statements regaiding the composition of 
this fluid and its action on the food are very conflicting, 
doubtless owing in part to the difficulty of obtaining it un- 
mixed with the other digestive fluids, and there seems to 
be considerable doubt of its existence, which at any rate 
cannot be regarded as proven. 
Recapitulation.— We see, then. that the whole process 

of digestion is simply a conversion of the solid matters of 
the food into forms which are soluble in water or in the 
digestive fluids and can therefore pass into the circulation. 
This is accomplished, in case of the albuminoids by the gas- 
tric juice in the stomach and the pancreatic juice in the 
intestines, in case of starch, etc., by the saliva and the pan- 

creatic juice, and in case of the fats by the bile and pan- 
creatic juice. In what part of the alimentary canal, or by 
what secietion, cellulose is digested, is not hnown. J?ossi- 
bly the pancreatic juice, which acts so powerfully on the 
other carbhydrates, is the agent of its solution, but this is 
only a conjecture. 

The latest view regarding the digestion of cellulose is 
that it is not accomplished by any specific digestive fluid, 
but that in the extensive digestive canal of the herbivora 
it undergoes a sort of fermentation. caused by the innu- 
merable bacteria and other low organisms there present, 
and yields marsh gas, carbonic acid, hydrogen, and various 
soluble products. 
By the action of these various digestive fluids, the chyme 
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which comes from the stomach is converted into a more or 

less thin, milky fluid, called chyle. 
The ease of digestion depends on various circum- 

stances. 

Digestion is both a chemical and physical process, con- 

sisting of solution and chemical change of the nutrients by 

means of the digestive fluids, and the rapidity of this pro- 

cess depends, in general, upon the same conditions which 

determine that of similar processes outside the body. Haid 

and compact fodder is less easily digested than that which 

is soft and watery, other things being equal, sunply be- 

cause it is not so easily penetrated by the juices, and hence 

exposes less surface to their action, just as coarse salt dis- 

solves more slowly than fine. 

If the nutrients are shut up in insoluble envelopes, they 

are protected from the action of the juices. Thus, if we 

have starch in a cell whose walls are incrusted thickly with 

the indigestible (because insoluble) lignin, the starch may 

be, to a large extent, protected and escape digestion. So, 

too, if whole grain is fed and escapes mastication, the 
hard outer coats of the seed protect the interior, and the 
grain is frequently found with little alteration in the ex- 
crements. 

In a chemical process, the proportions of the substances 
concerned are of the greatest importance. 

So, too, in digestion, the proportions of albuminoids, 

carbhydrates, and fat, exercise an important influence on 
the digestibility of each of these groups, though exactly in 
what way we are ignorant. 

That a moderate proportion of fat aids the digestion of 

the albuminoids in the stomach, has already been men- 

tioned. Too great an amount of fat, on the contrary, 

hinders digestion. 
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If the fodder be poor in albuminoids and rich in starch, 
the latter may escape digestion in considerable quantities; 
and as it is of no value in the manure (since it only fur- 
nishes to the plant the elements of carbonic acid and water, 
with both of which it is richly supplied by the atmosphere) 
that which, thus escapes is a dead loss, while if, on account 
of a too great proportion of albuminoids, a portion of these 
pass into the manure, they still are able to furnish the 
plant with the valuable element, nitrogen. 

In a properly proportioned fodder, however, the quan- 
tity of really digestible matters that escapes digestion is 
comparatively small, although a rerfect digestion of them 
is not to be expected. Small portions will escape diges- 
tion, either owing to their hardness and impermeability, 
or to their being protected by insoluble matters, or simply 
from the fact that they are not exposed for a sufficient 
time to the action of the digestive fiuids. 

This is shown by the fact that the ruminants, in which 
the process of digestion is long, extending through two 
or three days, are able to digest more of hard and diffi- 
cultly soluble matters, especially of crude fibre, than other 
herbivora, in which the process is simpler and shorter, the 
horse, @. g. 

§ 2. RESORPTION. 

We have seen that the process of digestion is essentially 
a process of solution, the various nutrients of the food be- 
ing altered into soluble forms and dissolved by the diges- 
tive fluids. 

But the digested food, so long as it remains in the ali- 
mentary canal, is, to a certain extent, still ontside the 
body; it has not yet been taken wp into its vessels and be- 
come really a part of it. It must still be resorbed or taken 
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up into the circulation by the resorbent vessels which line 
the stomach and intestines. 

The Epithelium.—In all vertebrate animals, the whole 

surface of the intestines, from end to end, is covered with 

so-called epithelial cells, which are remarkably similar in 
all animals. These cells are roughly cylindrical, and are 
thickly crowded together, leaving no spaces between them. 
They are separated from each other by a cell wall, but are 
open toward the interior of the intestines, and also, ac- 
cording to some authorities, communicate on the other 
side with the lacteals. 

The cells contain a soft mass of protoplasm, which, when 

resorption ig not going on, bears on its intestinal surface 
minute upright fibres, which give the surface of the intes- 
tines a velvety appearance. During resorption, however, 
these fibres nearly disappear into the main part of the cell 
contents. 

The Villi—tIn the higher animals the extent of resorb- 
ing surface in the intestines is greatly increased by various 
folds and projections of its surface, of which the most 
important are the villi. These are little conical, round, or 

club-shaped protuberances of the inner surface of the in- 

testines. They are covered, like all parts of the intestinal 
surface, with the epithelial cells just described, and under- 
neath these there is said to be a fine membrane. Beneath 
this membrane there are found numerous minute capillary 

blood-vessels, a layer of smooth (involuntary) muscular 

fibres, and a net-work of nerves. All three layers fol- 

low the epithelium of the intestines in all its folds and 

projections, and thus in the villi take somewhat the 

shape of a glove-finger. In the centre of each of the 

villi ends a vessel called a lacteal, belonging to the 

lymphatic system. 
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Fig. 3 shows a longitudinal section of a villus, in which 
avepresents the epithelial cells, d the capillary blood-\ es- 

sels, c the layer of muscular fibres, and ¢ the lacteal. 
Lacteals and Blood-Vessels.—The 

lacteals unite into larger ones leading 
to the mesenterie glands, and after 
leaving these, finally join the thoracie 
duct, a large vessel leading forward (in 
man wpward) and emptying into a vein 
in the left side near the collar-bone, 
called the left subclavian vein, near its 
entrance into the heart. 

They derive their name from a millky- 
looking fluid with which they are filled 
during digestion, and which owes its ap- 
pearance to the digested and emulsified 
fat of the food which has been resorbed 
from the chyle. At other times they 
contain a clear or opalescent lyuid 
ealled lymph. 

The capillaries of the intestines also unite into larger 
vessels, and finally into one, the portul vein, leading to the 
liver. (Compare fig. 4, p. 77.) There the blood which 
it carries is distributed through a second set of capillarics 
in that organ, and then reunited again into a single vein, 
the hepatic vein, leading almost directly to the heart. 
Phenomena of Resorption.—As soon as the food 

passes from the stomach into the intestines, the resorbents 
of the latter begin their work, and the two processes of 
digestion and resorption go on simultaneously. 

Our knowledge of the processes of resorption is not as 
full as might be wished. We know that liquids and soluble 
substances brought into the intestines, rapidly disappear 
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from them. In some cases the substances thus resorbed 
are excreted unchanged ; in others we are able tu recognize 
the produets of their decomposition without being able to 
say exactly where they are destroyed. Water introduced 
into the intestine disappears, and is excreted unchanged in 
the urine and perspiration; snyar, on the other hand, 
while it is rapidly resorbed, does not reappear as such, but 
speedily causes an increased excretion of carbonic acid 
through the lungs, showing that it has been oxidized in 
the body. It would seem that only soluble substances are 
resorbed, both from the fact that solutions are readily 
taken up and that the whole digestive process is di- 
rected toward solution of the solid ingredients of the 
food. The fats, however, form to a certain extent an 
exception. We have seen that in the digestive process 
they are simply emulsified, and only to a very sinall extent 
dissolved. After a meal cOntaining much fat, the lacteals 
are found to be full of a fluid having a milky appearance 
which the microscope shows to be due to the presence of 
innumerable globules of fat, which have evidently been 
resorbed from the contents of the intestines, having passed 
through the epithelial cells. 

Causes of Resorption.—It has been extensively taught 
that the phenomena of resorption are due chiefly to the 
action of the laws of the diffusion of liquids through mem- 
branes, aided by the pressure exerted on the contents of 
the intestines by the peristaltic motion. 

It is well known that, if solutions of many substances be 
enclosed in some membrane, like bladder or parchment- 
paper, and the whole placed in water, the dissolved sub- 
stance will diffuse through the membrane into the water 
until the solution is of equal strength on both sides of the 
membrane, and that, if the water be continually renewed, 



wil) MANUAL OF CATTLE-FEEDING. 

all the dissolved matter will finally be removed from the 
solution contained in the membrane. Substances which 
are capable of thus passing through a membrane are suid 
to be diffusible. 

In the body, according to this theory of resorption, the 
intestines constituted the enclosing membrane, the diges- 
tive fluids converted the nutrients into soluble and diffusi- 
ble forms, while the blood and lymph of the capillaries 
and lacteals was the fluid into which diffusion took place. 
It was found that emulsified fats could, by slight pressure, 
be made to pass through a membrane previously moistened 
with bile, and on this fact was based the eaplanation of the 
resorption of fat, the pressure being supposed to be exerted 
by the peristaltic movements of the intestines, and the pro- 
cess of filtration to be aided by a peculiar structure of the 
villi which kept the lacteals in their centre under a less 
pressure than was exerted on the outside. In short, re- 

sorption was believed to consist in diffusion, combined 
with filtration under pressure. 

This theory has been extensively held, but thé best au- 
thorities now consider it entirely inadequate to explain the 
known facts of resorption. 

As regards the resorption of fat, the simple fact that the 
villi are wanting in many of the lower animals, and that 
these animals nevertheless resorb fat, shows that the sup- 
posed peculiar structure of the villi is not essential to the 
process, and a more careful consideration of the anatomy 
of the intestinal surface shows that the filtration theory is 
untenable. 

The whole of this surface is covered with the epithelial 
cells above described, so closely crowded together that any 
filtration must take place through the semi-fluid proto- 
plasm of the cells. This protoplasm must behave under 
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pressure essentially like a liquid, that is, it must exert an 
equal pressure upon all sides of an object enclosed in it; 
under these circumstances, while diffusion may take place, 

filtration is impossible. But if we admit the impossi- 

bility of filtration, the whule theury falls, for diffusion 

alone would, in many cases, produce results entirely dif- 
ferent from those observed. Jor example, if water and 
alcohol be separated by a membrane having a greater at- 
traction for water, the water passes through the mein- 
brane toward the alcohol faster than the latter passes in 
the opposite direction, but if alcohol, su diluted as not to 
injure the epithelium, be introduced into the intestines, it 
is rapidly resorbed into the bloud, while no water passes 

from the latter into the intestines. . 
Moreover, while under normal conditions water is rapidly 

resorbed, simple irritation of the epithelial cells is suthi- 
cient to cause the motion to take place in the opposite 
direction, viz., from the blood into the intestines. 

These and many other considerations force us to the 
belief that the epithelium of the intestines is the active 
agent in resorption, and that resurption is a function of 
the living protoplasin of the epithelial celts. 

In what manner, or by virtue of what chemical and 
physical laws, the process takes place, we are ignorant; and 
until the relations and properties of protoplasm in general 
are much better known than at present, it must be regarded 
as a vain attempt to seek to discover them, nor, indeed, is 
it important for our present purpose that we should. 

Course of the Nutrients after Resorption.—The 

substances taken up by the epithelial cells appear to pass 
from these into the lacteals. Their course from this point 
is not, in all cases, easily followed, on accornt of the rapid 

alteration which they undergo. 
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The fat seems to be carried exclusively by the lacteals, 
and to pass through the mesenteric glands and thoracic 
duct into the left subclavian vein, as already described. 
Other substances pass more or less completely into the 
blood. It will be 1emembered that the lacteals in the villi 
are surrounded by a net of capillary blood-vessels through 
which blood is continually passing, and there appears to 
be no reason why the easily diffusible substances of the 
lymph should net pass into the blood, especially since the 
latter, being continually renewed, would act like a large 
volume of fluid. 

Probably, then, the products of the digestion of the 
carbhydrates—viz , sugar, lactic acid, etc.—pass, in large 
pait, into the blood and through the portal vein, the capil- 
laries of the liver, and the hepatic vein, to the heart. The 

same would be true of the amides formed by the action of 
the pancreatic juice and by decay from the albuminoids, 
and to a Jess degree of the peptones, while unaltered pro- 
tein, if resorbed, would be largely retained in the contents 
of the lacteals, owing to its slow rate of diffusion. 

All these statements are, however, to a certain extent, 

speculative. It is highly probable that the resorbed mat- 
ters undergo chemical change in the act of resorption by 
the epithelial cells: at any rate they undergo such rapid 
alteration after resorption that only traces of most of them 
can. be observed either in the lymph or in the blood of the 
portal vein. 

The Feces.—LBy the process of resorption the chyle, 
as it moves along through the intestines, is exhausted of 
its soluble parts and takes on a more and more solid con- 
sistency, and finally is voided from the body as the feces. 

The solid excrements consist of the indigestible part of 
the food, those digestible parts which for any reason may 
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have escaped resorption, and small portions of the diges- 
tive fluids and of the worn-out mucous membrane of the in- 
testines. In the herbivora they also generally contain all 
the phosphoric acid coming from the metamorphosis of the 
tissues of the body, while in the carnivora this substance 
is excreted in the urine. The color of the excrements, as 

already mentioned, is usually due to the portions of the 
bile which have escaped resorption; when much green 
fodder is eaten, its green coloring-matter (chlorophy]) 
passes unaltered into the feces. 
The composition of the solid excrements varies 

largely according to the feeding of the animal. 
It is seldom possible to attain a complete digestion of all 

the nutrients of the food ; a certain portion almost always 
escapes digestion, unless, perhaps, in the concentrated bye- 
fodders. 

The undigested portion is generally larger when a rich 
food is given, z. é., when we strive for a rapid production 
of organic substance, whether flesh, fat, or milk, than when 

the fodder is just sufficient to maintain the animal. 
In the former case, too, the residues of digestive fluid 

and of worn-out intestinal membrane are greater, owing 
to the greater activity of these organs and the greater 
quantity of juices necessary to digest the richer and more 
abundant fodder, so that from fattening or milk cattle we 
get not only a utilization of fodder materials and conver- 
sion of them into valuable products, but an increase in the 
manurial value of the solid excrements, while in the case 
of animals on maintenance-fodder the manure is the only 
return for the fodder, and is of poorer quality than when 
richer food is given. 



CHAPTER IV. 

CIRCULATION, RESPIRATION, AND EXCRETION. 

$1. CrecvLaTtron. 

The Blood.—We have seen, in the preceding chapter, 
that the digested and resorbed nutrients of the food are 
earried more or less directly into the blood, and it is from 
this fluid that all parts of the body derive those substances 
necessary for their growth and the performance of their 
functions. 

The blood of the higher animals is a thickish, somewhat 
viscid fluid, having a faint but peculiar odor, a slightly salt 
taste, and a color varying from bright to a dark red. It is 
somewhat heavier than water (sp. gr. 1.045—1.075), and 
contains about 21 per cent. of solid matters. 

Under the microscope it is seen to consist of a clear 
fluid, the plasma, holding in suspension a vast number of 
small, round disks, the corpuscles. 

The corpuscles are of two kinds. By far the most nu- 
merous are the red corpuscles. In man these are round 
like a coin but thicker at the edges than in the centre, 
and have a diameter of .0060—.0085 millimetres. Their 
number is enormous, being estimated at 4-54 millions per 
eubic millimetre. The color and opacity of the blood are 
due to the corpuscles. 

The corpuscles of each kind of animal are peculiar, both 
in shape and size, but their general characteristics are the 
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same in all. Those of most mammals are smaller than 
those of man. 

The corpuscles contain, as characteristic ingredients, two 

coloring-matters, known as hemoglobin and oxyhcemogto- 
bin, of each of which there appear to be several varieties 
in the blood of different animals. 

Arterial blood contains only oxyheemoglobin. This sub- 
stance is a bright red, crystalline body, having pretty 
nearly the percentage composition of protein, but contain- 
ing about 0.45 per cent. of iron. Its most remarkable 
property, however, is the readiness with which it parts with 
a portion of its oxygen and is converted into hsemoglobin. 

In the body this process takes place in the capillary 
blood-vessels, so that the blood as it returns from these 

to the heart (the venous blood) contains both oxyhamo- 
globin and hemoglobin. The latter is capable of the 
reverse change, and in the lungs takes up oxygen and is 
converted back into oxyheemoglobin. 

Besides these two coloring-matters, the corpuscles con- 
tain an albuminoid which is precipitated by concentrated 
salt solution, small quantities of two bodies known as cho- 
lesterin and lecithin, some other organic matters, and the 
usual ash ingredients, potash and phosphoric acid being 
especially abundant. 

In addition to the red corpuscles the blood contains 
colorless corpuscles, differing in shape and appearance 
from the red and generally larger. They appear to ,be 
formed in the lymph before it joins the blood, but their 
exact function is not well ascertained. Their number is 
vastly less than that of the red, there being ahout one or 
two of the former to a thousand of the latter. 

The plasma is a nearly transparent fluid, containmg in 
solution a large part of the nutritive matters of the blood. 
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Of the albummoids, it contains albumin, and blood-fibrin 
or at least one constituent of it; it also contains some fat, 
ustially traces of sugar though never large quantities of it, 
and a considerable proportion of mineral inatters, espe- 
cially of soda salts and chlorides, besides minute traces of 

various other substances. 
Coagulation.—So long as the blood remains in the ves- 

sels of the living body it continues fluid, even if its circu- 
lation be stopped, but when drawn from the body it co- 
agulates after standing for a time, yielding a yellowish 
liquid, the serwm, and blood-fibrin. At ordinary temper- 
atures the change takes place rapidly, but only slowly at a 
low temperature ; it is entirely hindered by addition to the 
blood of a strong solution of sulphate of soda, sulphate of 
magnesia, nitrate of soda, common salt, and other sub- 
stances. Opinions differ as to the nature of the coagula- 
tion, but it is certain that the blood-fibrin does not exist 
as such in the blood but 1s formed from a substance called 
Jibrinogen, contained in the plasma, and concerning which 
three facts may be considered as established: 1st. Fibrin 
is only formed in fluids which contain fibrinogen. 2d. A 
solution of fibrinogen alone yields no fibrin, and hence 
the action of some other body or bodies is requisite. 3d. 
This other body or bodies is yielded by the colorless 
corpuscles. 

A. Schmidt, who has most fully investigated this sub- 
ject, regards the substances coming from the colorless cor- 
puseles as partaking of the nature of a ferment, and be- 
lieves that they are not contained in the living blood but 
are formed, after the blood is drawn from the body, by the 
decomposition of the corpuscles. Whether this be true or 
not, there is no doubt that these corpuscles yield a sub- 
stance capable of converting fibrinogen into fibrin. 
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The Heart.—The movement of the blood through the 
body, in order that all organs may receive from it their 
necessary nourishment, is accomplished by the heart. 

The heart is an irregularly conical-shaped organ, com- 
posed of involuntary muscles. It is situated in the ante- 
rior part of the chest, and hangs free in an envelope called 
the pericardium. 

It is divided by an impervious partition into a right and 
left half, and each of these is subdivided by a cross-par- 
tition into two chambers, communicating with each other 
by a valve in the dividing wall, The upper and smaller of 
these divisions are known as the right and left gunicles, 
and the lower and larger as the right and left ventricles. 
Into these divisions open several large blood-vessels, whose 
mouths are closed with valves so arranged that the bloud 
can only flow into the auricles and owt of the ventricles. 

The blood returning from the extremities of the body 
to the heart enters first the right auricle, a (Fig. 4), 
through two large veins, the vena cavu anterior, k, coming 
froin the anterivr, and the vena cava posterior, 1, from the 
posterior part of the body. The auricle then contracts, 
and the blood, being prevented from returning into the 
bloud-vessels by the valves at their mouths, is forced 
throngh the valve in the partition wall into the right ven- 
tricle, 6. This, in its turn, contracts, and the blood, pre- 

vented as befure by a valve from turning back in its 
course, is pressed out of the ventricle through the pul- 
monary artery, ¢, which divides into two branches leading 
to the right and left lungs, d, d The opening of this 
blood-vessel, like that of the others, is provided with a 
valve, which prevents the return of the blood. The blood, 
after having been purified in the lungs, returns tu the 4/4 
auricle, 7, thiough the pulmonary veins, represented by e. 
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The auricle then contracting, sends the blood into the 
left ventricle, g, which, in its turn, contracts powerfully 

and expels the blood into one large vessel, the aorta, h. 
The aorta, soon after leaving the heart, divides into two 
branches, the anterior aorta, 2, leading to the fore pait of 
the body, and the posterior aorta, j, supplying the abdom- 
inal cavity and the posterior part of the body. 

These blood-vessels repeatedly subdivide and carry the 
blood toall parts of the body, to be brought back again to the 
right side of the heart and undergo the same process anew. 

The sole cause of the motion of the blood is the power- 
ful contraction of the muscles of the heart. This alter- 
nate contraction and relaxation constitutes the beating of 
the heart, and the sudden impulse thus given to the blood 
in the arteries causes the beating of the pulse. 

The Arteries, which conduct the blood from the heart 
to the various organs of the body, are tubes with strong, 

elastic, and contractile walls, to withstand the force with 

which the blood is pressed into them by the heart. They 
originate in the aorta, A (Fig. 4), which receives the 
blood from the left ventricle, and as they extend farther 
and farther from the heart throw off branches to the vari- 
ous organs, become smaller and smaller, and finally end in 
the capillarces. 
The Capillaries are exceedingly fine blood - vessels 

which penetrate all parts of the body and form the con- 
necting link between the arteries and veins. Their walls 
are thin and delicate, and through them the nutritive mat- 
ters of the blood diffuse out into the tissues to repair their 
waste, while the worn-out matters, at the same time, dif- 
fuse into the blood. Thus all parts of the body are kept 
continually bathed in a solution of nutritive matters. 

In the capillaries, too, the oxygen which the blood has 
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taken up in the lungs unites with some of the worn-out 
imuatters and burns them, producing the dnimal heat. ‘This 
point will be spoken of db a a 
more fully in the neat 2 RFS Rei 
section. In Fig. 4, 2 
1epresents the capillaries 
of the posterior part of 
the body, o those of the 
stomach and intestines, 
t those of the kidneys, 
yp those of the liver, 
and 2 those of the an- 
terior part of the body. 
The capillaries gradually 
unite together into larger 
vessels, the veins, which convey the blood, no longer suited 
to nourish the body, back to the heart and lungs. 

The Veins are tubular vessels somewhat similar to the 
arteries, but with weaker and non-elastic walls, the pres- 
sure of the blood on them being less, owing to the inter- 
position of the capillaries between them and the arteries 
and to the fact that they are larger than the latter. 

To prevent any possible flowing back of the blood, the 
veins are provided at intervals with valves which permit 
the blood to pass toward the heart but not in the opposite 
direction. The smaller veins unite to larger ones, and 
finally, as already described, empty their contents through 
two branches into the right auricle of the heart. From 
the capillaries of the intestines the blood carrying the re- 
sorbed nutrients passes through the portal vein, s, to the 
liver, p, there passes through another system of capillaries, 
and then rejoins the blood from the eatremities through the 
hepatic vein, u. Into the branch, %, coming from the head 

eA FAS 
Fic. 5.—({Settegast ) Capillaries. 
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and anterior part of the body, the nutrients which: are resorb- 
ed by the lacteals are poured just before it enters the heart. 

The passage of the blood from the left heart through 
the body and back to the right heart, is called the greater 
or systemic circulation; that from the right heart through 
the lungs to the left heart the pulmonary circulation. 

The appearance of the blood in the veins and arteries 
is strikingly different. In the veins it has a dark, cherry- 
red color, but after it has passed through the lungs and is 
sent out by the heart into the arteries it has a bright, 
scarlet color. The former is called venous, the latter arte- 

rial blood. An exception to this rule, that the arteries 
carry bright-red blood and the veins dark, is found in the 
pulmonary circulation, where, of course, the vessels leading 
from the right heart to the lungs carry venous blood, and 
those leading from the lungs to the left heart, arterial. 
Nevertheless, the genera] nomenclature is adhered to, and 
the former are called arteries and the latter veins. Arteries 
conduct the blood from the heart, veins toward it. 

§2. ResPrRaTIon. 

Under respiration we here include not only the act of 
breathing, but all those chemical changes in the body of which 
that act is partly the cause and partly the consequence. 

The Lungs.—The principal organs of respiration are 
the lungs, which, with the heart, ocenpy the cavity of the 
chest. This cavity is enclosed on the sides by the ribs, 
and is separated from the abdominal cavity, containing the 
digestive organs, by a strong, arched, muscular partition, 
the diaphragm. The diaphragm is convex toward the 
chest, and by its contraction and a simultaneous outward 
motion of the ribs, caused by muscles situated between 
them, the size of the chest cavity is enlarged, and air 
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rushes into the lungs by virtue of the atmospheric pres- 
sure. This constitutes the movement of znspiration, or 
breathing in. The reverse motion, which immediately 
follows and expels a portion of the air, constitutes the 
movement of expiration, or breathing out. 

The air enters the lungs through the trachea, or wind- 
pipe, from the mouth and nostrils. The trachea, after 
reaching the chest, divides into two branches, one leading 
to the right and the other to the left lung, and each branch 
subdivides again and again into a multitude of fine tubes, 
called bronchial tubes, each of 

which finally ends in an wldé- 
mute lobude, consisting of sev- 
eral minute vesicles. In Fig. 
6, ¢ represents the ultimate 
bronchial tube, 65 the vesicles, 
and the whole mass of vesicles 
constitutes an ultimate lobule, a. 

The vesicles and tubes have 
elastic walls and are surrounded 
by an elastic tissue, so that the 
whole lung constitutes a spongy 
mass which expands or con- 
tracts with the motions of the 
chest, causing the air to flow into and out of all parts of it. 
The vesicles are also surrounded by a net-work of ex- 
tremely fine capillary blood-vessels, through which the 
blood sent to the lungs by the contraction of the right 
ventricle of the heart must pass, and the walls both of 
the capillaries and of the vesicles are very thin and are 
permeable to gases. 
Exchange of Gases in the Lungs.—The venous 

blood, as it comes to the lungs, is rich in carbonic acid, 

ig 
Fria. 6.—(Frey ) Lung Tissue. 
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derived from the burning of waste products in the capil- 
laries, and for the same reason is poor in oxygen; while 
the air in the vesicles of the lungs, on the contrary, is rich 
in oxygen and contains but little carbonic acid. Under 
these circumstances each gas moves from the place where 
it is most abundant to the place where there is a deficiency 
of it. The carbonic acid of the blood diffuses through the 
membrane of the blood-vessels into the air of the vesicles till 
the latter is as rich in that gas as the furmer, while the oxy- 
gen, at the same time, passes from the vesicles to the blood. 

The carbonic acid is largely contained in the plasma of 
the blood, and simply diffuses into the air in the lung 
vesicles and is expelled in expiration, but for the taking 
up of oxygen there is a special provision in the coloring 
matters of the corpuscles. The venous blood contains 
both hemoglobin and oxyhemoglobin. When the blood 
passes through the lungs the hemoglobin unites with the 
oaygen which diffuses into it, and when the aération is 
properly performed is all converted into oxyhemoglobin, 
which gives the arterial blood its bright-red color. The 
corpuscles thus act as vehicles for conveying oxygen from 
the lungs to the remotest regions of the body. 

In the capillaries this oxygen is given up again in part, 
and heemoglobin formed once more, giving to the venous 
blood its dark-red color. 

If by any means respiration is stopped, the air in the 
Iung vesicles speedily becomes so charged with carbonic 
acid and exhausted of oxygen that the exchange of gases 
with the blood can no longer go on; the carbonic acid is re- 
tained in the latter, the waste products of the tissues are not 
burned, and the animal’s blood is poisoned—it is suffocated. 

If its supply of air, however plentiful, contains more 
than a certain amount of carbonic acid, the removal of this 
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gas from the blood is made incomplete or suspended en- 
tirely, and substantially the same results ensue, though 
more slowly. 

Respiration through the Skin.—In addition to the 
exchange of gases between the air and the blood which 

goes on in the lungs, a similar process takes place, though 
to a smaller extent, through the skin. 

The true skin, underlying the cuticle or scarf-skin, is 
penetrated by capillary blood-vessels, and in its passage 
through these capillaries the blood gives off some carbonic 
acid and takes up some oxygen by diffusion through the 
skin. The amounts thus given off and taken up.are small 
compared with the corresponding amounts in the lungs, 
but they are still not inconsiderable. The skin likewise 
acts, by means of its sweat-glands, as a channel for the re- 

moval of water from the system. Large amounts of water 
are continually evaporating from the skin in the form of 
the “insensible perspiration,” while under certain cireum- 
stances the excretion of water is so rapid as to give rise to 
the formation of visible drops. 

The distribution of oxygen through the body is 

accomplished by means of the circulation. Each little cor- 
puscle carries its load of oxygen from the lungs through 
the heart and arteries into the capillaries. 

There, as we have seen, the substances formed in the 
minute cells of the tissue by the decomposition of their 
contents under the influence of the vital force, diffuse 
into the blood, and here they meet the oxygen con- 
tained in the corpuscles and unite with it—are burned, 
producing the aninal heat. Innumerable intermediate 
products are formed in this process, but the final result 
is in all cases the same. All the non-nitrogenous sub- 
stances yield carbonic acid and water; the nitrogenous 
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ones the same substances, and in addition wrea, the char- 

acteristic ingredient of the urine. Urea is a crystallizable 
body of comparatively simple composition, which, together 
with small amounts of other substances, contains all the 

nitrogen and part of the carbon and hydrogen of the 
albuminoids from which it is derived. In the urine of 
herbivorous animals it is, in part, replaced by Aippurte 
acid. All these oxidations take place in the cells and 
capillaries of the body, and it is there, conseyuently, and 
not, as is sometimes stated, in the lungs, that the animal 
heat is produced. 

The quantity of oxygen which passes into the 

blood is by no means determined by the depth and fre- 
quency of the inspirations, but by the amount needed in 
the body ; that is, in the first place, by the rapidity of the 
decomposition of substances in the blood and tissues, as 
well as, in the second place, by the number and quality of 
the blood corpuscles. 

In all parts of the living body a continual decomposi- 
tion of its materials is going on, and all manifestations of 
life are intimately related to this metamorphosis of the 
materials of the living organism. 

This decomposition, as has been already pointed out, 
consists, in the main, in a splitting up of complex com- 
pounds into simpler ones, accompanied by a liberation 
of energy, which manifests itself in various ways. The 
processes take place according to fixed laws and at first in- 
dependently of oxygen, but the products of the decomposi- 
tion unite with the oxygen of the blood and regulate the 
amount of this substance taken up in respiration. The 
splitting up of substances in the body to form simpler 
compounds must be regarded as the primary process and 
the taking up of oxygen as the secondary, although it was 
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formerly believed that, inversely, the former was deter- 
mined by the latter. If, by an increased supply of food 
or by violent muscular exertion, this splitting up of the 
materials of the body is increased and facilitated, then, 
secondarily, more oxygen will be taken up, in order that 
the resulting products may be oxidized. 

Storing up of Oxygen.—We have hitherto, for con- 
venience, spoken as if the oxygen taken up by the blood 
united at once in the capillaries with the products of tis- 
sue change. 
Numerous experiments by Pettenkofer and Voit,* at 

Munich, and by Henneberg,+ at the Weende Experiment 
Station, have, however, shown that the animal body has 
the power of storing up within itself a considerable amount 
of oxygen, and that some time may elapse after oxygen is 
taken up into the blood before it is excreted in combina- 
tion with carbon and hydrogen. The following experi- 
ment by Pettenkofer and Voit, upon a healthy man on an 
average diet, will serve to illustrate the point. The ex- 
periment was divided into two parts, the time from 6 a.m. 
to 6 p.m. being designated as day and from 6 p.m. to 6 
A.M. ag night. 

If from the amount of carbon, hydrogen, oxygen, and. 
nitrogen, contained in the food eaten, we subtract: the 
amounts excreted in organic combination in the solid and 
liquid excrements, and also the amounts laid up in the 
body in the form of fat, etc., the remainders will show 
how much of each element must have been burned to car- 
bonic acid and water in the body. This known, we can 
easily calculate the amount of oxygen necessary for the 

* Zeit. f. Biologte, IT., 552. 

+ Neue Beitrage, ete., 1871, p. 245. 
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from the air, as determined by the method described in 

a subsequent chapter. In this experiment the following 
results were obtained : 

DAY. 

In fat Remain 
T * ‘@) 

In food excreta. aint m ome a. required. 

Carbon...... ec. ene 240.15 7.94 86.91 145.30 387.46 

Hydrogen......... 195.40 L71 18.53 180.16 1441.28 

Oxygen. ...seeeese 1455.79 | 8.64 13.10 | 1434.05 | ........ 

Nitrogen.......66- 10.12 | 10,12 0.00 0.00 | .....eee 

1828. 74 

Already present... cece cece cee cence eee w eee eceenes 1434.05 

Needed from without... 0... ccc cece c eee wena neee 394 69 

Actually taken up from air... .....- ccc cece ee eceee 234.70 

Difference... 2.0... ccc ec ete cee canta eeetene —159.99 

NIGHT 

" In fat Remain re) 

In food. excreta. by boay. ome d. required. 

Carbon. .... eee eee . 75.85 | 19.16 47,11 103.380 275.50 

Hydrogen......... 75.50 3.19 4.33 79.64. 637.12 

OXYZEN oo ce cece eee 548.11 | 12.26 7.10 542.95 | ........ 

Nitrogen...... ws. 7.24 7.24 0.00 0.00 | ........ 

912.62 

Already present ..... ccc. cc cece cuccccereeseccucecs 542.95 

Needed from without. ......... cc cece accra cencee 369 67 

Actually taken up from air.,.......... eee cee onan 474.30 

Difference... ... cece eee ew cece ev eccceeseesueace +104.63 ’ 
Difference for 24 hours.........0.cc ca uccccsece -—55.36 

tm hn tern meee int tel renee 
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Tn the night-half of the experiment, there was taken in- 
to the system through the lungs 104.63 grms. of oxygen 
more than was used during that time in oxidizing food 
substances and body-fat, while in the day-half of the ex- 
periment more oxygen was thus used than was supplied 
from without, the remainder (159.99 germs.) evidently be- 
ing drawn from a supply previously laid up in the body. 

In the earlier experiments of both Pettenkofer and Voit 
and Henneberg, the storing up of oxygen took place 
chiefly, as in this case, in the night, but further investiga- 
tions showed that this was by no means always the case. 
It would seem, from these experiments, as if the healthy 
animal body were constantly either storing up or giving 
off oxygen, the two processes, as a rule, nearly balancing 
each other in the course of twenty-four hours, while com- 
plete equilibrium is seldom reached in that time. The 
significance of this fact we shall consider later. 

Decompositions of the Nutrients in the Body.— 

The albuminoids of the food and tissues are believed to 
split wp, by numerous intermediate steps, into urea and 
jfat.* In the herbivora there are also formed varying 
quantities of hippurze acid, according to the fodder and 
the species of animal, but the latter always represents a 
far smaller part of the decomposed albuminoids than the 
urea, and often disappears almost completely from the list 
of the substances formed and excreted as the result of 
tissue-change. 

The urea is rapidly taken up by the blood, separated 
from it again in the kidneys, and excreted in the urine; it 
can and ought never to be stored up in the healthy organ- 
ism. In the normal blood and in the tissues are found 
only inconsiderable traces of it, although the total quan- 

* See the chapter on the ‘‘ Formation of Fat” 
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tity which is formed daily in the body of a fattening steer 
may amount to a pound or more. 

The nitrogen contained in 100 parts of water-free pro- 
tein can be separated from it in the form of 33.5 parts of 
urea. The remainder of the protein, 66.5 parts, after 
taking up and uniting with 12.3 parts of water, contains 
the elements for the formation of 51.4 parts of fat and 
27.4 parts of carbonic acid. 

The fat, whether formed from the albuminoids or con- 
tained as such in the food, is, according to circumstances, 
either deposited in the body of the animal, finds appli- 
eation in the production of milk, or undergoes a complete 
oxidation in the respiratory process, yielding caibonic acid 
and water. The fat producible from the albuminoids must 
always be added to that which is contained, ready formed, 
in the fodder and resorbed from the digestive apparatus, 
in estimating the results of a paiticular method of feed- 
ing. It is, however, to be observed that, according to the 
results of late researches, the fat formed in the body out 
of albuminoids appears to unite more readily with oxygen 
—that is, to burn easier—than the ready formed fat taken 
in the food, and this again easier than that which is already 
deposited in the fat-tissnes. 

The carbhydrates are represented in the body chiefly by 
sugar, all the other bodies of the group being converted 
into this substance during digestion, so far as they are not 
further decomposed. The food ofall herbivorous animals 
contains large quantities of carbhydrates, an ox, for ex- 
ample, often resorbing into his blood from twelve to 
eighteen pounds of sugar in twenty-four hours, yet the 
blood, in its normal state, never contains more than minute 
traces of this substance, and it is never stored up as such 
in the body. 
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The cause of the comparatively small quantity of sugar 
found in the body, notwithstanding the large amounts 
taken into the blood, lies partly in the fact that the pro- 
cess of resorption is a gradual one, extending over a con- 
siderable time, the sugar, after it passes into the cireula- 
tion, being oxidized with comparative rapidity, and partly, 
as it would appear, in the conversion of the resorbed sugar 
into an insoluble form by the liver. 
Glycogen.—The liver, as long as it is in a normal state, 

contains a substance belonging to the carbhydrate group, 
and known as glycogen, in quantities varying according to 
the diet of the animal. 

It may be extracted from the liver by hot water, and 
when purified forms a white, meal-like, amorphous pow- 
der, tasteless and odorless. In cold water it swells up, and 
on warming dissolves to an opalescent fluid. It is insolu- 
ble in alcohol and ether, and is colored dark-red by iodine. 
All those agents which convert starch and dextrine into 
sugar produce the same effect upon glycogen. It rotates 
the plane of polarized light strongly to the right, but does 
not reduce alkaline copper solution. It will thus be seen 
that it stands intermediate between starch and dextrine. 
Its composition is the same as that of starch. 

Glycogenic Function of the Liver.—If the dead 
liver, after removal from the body, be washed out by 
water injected through the portal vein till all sugar is re- 
moved, and if then, after standing for a time, the washing 

be renewed, the first portions of water that pass contain 
sugar. ‘The same process may be repeated several: times. 
“Tf the liver of any animal be kept for a considerable 
time before cooking, the amount of sugar which accumu- 
lates in its substance is so large as to be easily detected by 
the taste. The liver is decidedly sweet.”—{J. Le Conte.) 
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The source of the sugar in these cases is the glycogen of 
the liver, which, by some not well understood chemical 

action, Is converted into sugar. 
The sume process takes place in the living body. The 

blood in the portal vein of flesh-fed animals contains 
no sugar, but the same blood in the hepatic vein, after 
having passed through the liver, contains a notable quan- 
tity of this substance, doubtless derived from the glycogen 
of the liver. 

These facts were discovered by Claude Bernard in 1853, 
and are undisputed, but the source of the glycogen of the 
liver, and its physivlogical significance, are questions upon 
which there is a diversity of opinion. In what follows 
we shall endeavor to present in outline that view which 

seems, on the whole, most probable, without, however, 

treating the matter as one that is finally decided. 
We have already called attention to the great quantity 

of sugar that may be taken into the circulation in the 
course of afew hours. This sugar is largely taken up by 
the capillaries of the stomach and intestines, and passes 
by the portal vein into the liver, while in the general cir- 
culation only traces of sugar are found. 

Putting these facts together, the conclusion seems almost 
unavoidable that the liver has the power of converting 
sugar Into the insoluble glycogen and storing it up, to be 
gradually reconverted into sugar as the needs of the organ- 
ism demand. In other words, the glycogen of the liver is 
a reserve of carbhydrates. 

The functions of the carbhydrates in the body are, as 
yet, but imperfectly understood, but there can be no doubt 
that they play an important part in the animal economy. 
According to some, the oxidation of these substances and 
of fat furnishes a large share of the muscular and other 
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foree exerted by the body. This does not appear to be 
fully established, but even if we do not hold this view, 
we shall see, in a subsequent chapter, that there is strong 
reason to believe that non-nitrogenous substances play an 
important part in the preparation of the muscles for the 
exertion of force, and that a constant supply of them in 
the blood is an important condition of healthy activity. 
On the other hand, it has been shown that a large quantity 
of sugar in the blood is very hurtful. 

The office of the liver seems to be to arrest the sugar on 
its way from the portal capillaries and, by converting it 
into glycogen, to prevent an injurious accumulation of it 
in the blood, while the glycogen, by its gradual re-conver- 
sion into sugar, yields a continual supply of this substance. 

Glycogen may be formed from Protein.—lIf a sup- 
ply of sugar to the blood is important or necessary, we 
should expect to find some provision for it in those animals 
which take none in their food—. ¢., the carnevora. 

This is, in fact, the case. The liver has the power to 
form glycogen from albuminoids, as is shown by the fact 
that that substance is formed in animals fed entirely on 
albuminoids. This being so, there is no evident reason 
why the same formation of glycogen from protein may 
not take place in all animals. Indeed some authorities 
hold that it does, and that all the albuminoids destroyed 
in the body are first decomposed in the liver into glycogen, 
and urea and similar products. 

It will be shown in a subsequent chapter, however, that 
under some circumstances fat may be formed from the 
protein of the food and stored up in the body, and Voit 
and his followers hold that the first decomposition of pro- 
tein in the body yields fat and not glycogen. However 
this may be, it is certain that a puré¢ of the protein may 



92 MANUAL OF CATTLE-FEEDING. 

be used in fat formation, and as certain that part of it may 
also be used by the liver as a source of glycogen. 

Protein as the Sole Source of Glycogen.— The views 

of the glycogenic function of the liver just stated, though 
widely accepted, are not undisputed. Many good authori- 
ties hold that under all circumstances protein is the source 
whence glycogen is formed. According to this view, the 
carbhydrates of the food are oxidized in place of the non- 
nitrogenous products of the decomposition of protein, and 
protect the latter, so that they are, in part at least, de- 
posited in the liver in the form of glycogen, to be drawn 
on when the supply of carbhydrates in the food is insuffi- 
cient. 

That is, the liver has the power of preparing carbhy- 
drate material from protein and storing it wp in an insol- 
uble form until such time as it is needed. 

Which of these two theories is true, or whether the 
truth lies between the two, is as yet undecided, nor is a 
discussion of the comparative probability of the two views 
in place here. 

Oxidations in the Body are Gradual.—lIn the fore- 

going paragraphs we have, for the sake of simplicity, 
spoken as if the processes of decomposition and osidation 
were very simple and immediate—as if sugar were burned 
directly to carbonic acid and water, protein split up at once 
into fat and urea, ete. This is far from being the case. 
While the final result is as 2f the oxidations took place in 
the way spoken of, and while we are therefore justified in 
so speaking when we look at the chemical changes in the 
body as a whole, it must always be with the understanding 
that the changes which actually take place are very nu- 
merous and complicated, and that both their nature and 
location are largely hidden from us. The simple fact that 
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oxygen, after it is taken into the blood, remains for a time 
in the systein, suffices to show that the chemical phenomena 
in the body ditter essentially from those outside it, and 
this is contirmed by the little we do know of the processes 
themselves and by the intermediate products, nwubered by 
hundreds, which have been already discovered. 

Foxtunately, however, for the purposes of cattle-feeding 

we need only to know the final results of all these changes, 
and these we have indicated above, and shall presently con 
sider more in detail. 

§ 3. EXCRETION. 

As the result of the continued decompositions and alter- 
ations going on in the body, we have a constant accumula- 
tion of carbonic acid, water, and urea and other nitro- 
genous products in the blood. 

The carbonic acid and urea are poisonous if allowed to 
accumulate in the system, and the water would produce 
injurious effects by diluting the blood, and means are 
therefore provided for the removal of these substances 
from the body. 

The Urine —In its course through the posterior part 
of the body the blood passes through the kidneys, two 
bean-shaped organs, in which the urea and other nitro- 
genous substances coming from the decomposition of the 
protein of the body are removed from it. The blood also 
parts here with some of its water, and the excreted liquid, 
the urine, passes from the kidneys to the bladder and is 
thence expelled from the body at intervals. 

Besides urea, the urine of the herbivora contains, as has 

been already noted, hippuric acid, in which form a vary- 
ing but small proportion of nitrogen is excreted by these 
animals. In the carnivora its place is taken by ure acid, 
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also a nitrogenous substance. ‘The urine likewise contains 
traces of various other bodies, nitrogenous and non-nit) o- 
genous, which, on account of their small quantity, are of uo 
special importance here. 

Excretion of Nitrogen—TIn the nitrogenous substan- 
ces of the urine is contained all the nitrogen of the albu- 
minoids decomposed in the body. This is a most impor- 
tant fact, and one upon which a large part of the theory 
of feeding depends, and consequently it is desirable to 
examine somewhat in detail the evidence upon which it 
rests, particularly since its truth is still disputed by some 
authors. . 

The question is, whether the “sensible” excretions, that 
is, urine and dung, contain all the nitrogen which leaves 
the body, or whether any considerable portion of it is ex- 
creted in gaseous form from lungs and skin. 

Since, unfortunately, we have no accurate means of de- 
termining directly whether free gaseous nitrogen is thus 
exhaled, we are obliged to approach the subject in an in- 
direct way, and to determine whether, when no gain of 
flesh is made by the animal, all the nitrogen of the food 
reappears In the excreta. 

The earlier experiments on this subject showed, almost 
without exception, a deficit of nitrogen in the excrements, 
seldom an excess. Boussingault found, with a horse, a de- 
ficit of 24 per cent. of the nitrogen of the food; with a 
milk-cow, 13 per cent.; with hogs, 37 and 55 per cent.; 
and with a turtle-dove, 34 and 36 per cent. Other ob- 
servers also obtained a similar deficit, though quite vari- 
able in amount. 

The extensive respiration experiments of Regnault and 
Reiset sometimes showed a slight excretion of gaseous 
nitrogen and sometimes a slight absorption of that sub- 



MANUAL OF CATTLE-FEEDING. 95 

stance, but the differences observed by them were far 
smaller than those vbtained by most other observers. 

Bidder and Schmidt * appear to have been the first to 
express the opinion that nitrogen leaves the body only in 
the visible excretions; but their e\periments were too few 
in number to prove the point, and shortly afterward Dis- 
choff+ published the results of numerous e\periments on 
dogs, in which he observed a considerable deticit, averag- 
ing 30 per cent. Hoppe-Seyler also found a deficit of 15 
per cent. in an experiment in which a dog was fed for 
seven days exclusively on meat. 

Voit’s Experiments.—Karl Voit, in Munich, was the 
first to furnish decisive proof that the urine and dung are 
the sole channels by which nitrogen leaves the body, and 
that the nitrogen of the urine is an accurate measure of 
the amount of nitrogenous matters decomposed in the body. 
He showed, in his “ Physiologisch-chemische Untersuch- 

ungen,” published in 1857, that the large deficit of nitrogen 
observed previously was due to faulty methods of experi- 
ment, and found in his own experiments either an equal- 
ity between the nitrogen of food and excrements or dif- 
ferences which were explained very simply by the gain or 
loss of flesh by the animal under experiment. 

Since that time a vast number of similar experiments, 
chiefly on dogs, have been made in the Physiological Insti- 
tute at Munich by Voit, in conjunction with Bischoff and 
later with v. Pettenkofer, which have fully confirmed the 
results of the earlier ones and have been of the greatest 
service in elucidating the laws of the formation of flesh in 
the animal body. The following are a few of the results: { 

* Die Verdauungssafte u. der Stoffwechsel,’*1852., 
+ ‘* Der Harnstoff als Mass des Stoffwechsels,” 1853. 

t Wolff: ‘‘ Ernahrung Landw. Nutzthiere,” p. 2£9. 



96 MANUAL OF CATTLE-FEEDING. 

NITROGEN, DIFFERENCE, 

Duration of 

ak Food In food, [In excrements Gums. Per cent, 
Grnis. Grms 

49 |) c| 2499.0 2525.6 +26 6 1.0 

6 | | 306 0 308.5 425 0.7 
9 459.0 460.7 +1.7 0.4 

6 | i | 306.0 307.2 +1.2 0.4 

12 F 612.0 611.9 —0.1 0.0 

14 | 714.0 118.5 +45 0.6 

23 | : 1173.0 1176.9 +3.9 0.8 

8 [| §44.0 544.8 +0.3 0.1 

20 2 {| 340.0 335.2 —4.8 1.4 

58 F [| 986.0 982.8 —8.2 0.8 
3 | 3 153.0 152.6 —0.4 0.2 

s UU 480 403.3 +0.3 0.07 

That this equilibrium between the excreted and ingested 
nitrogen was not a chance occurrence in a single animal, is 
shown by the fact that it was confirmed in experiments 
on five different dogs. 

Experiments on other animals have not been Jacking. 
Ranke and Pettenkofer & Voit have shown that the 
same fact is true of men, and an interesting experiment 
was made by Voit on a pigeon, an animal with which 
Boussingault found a deficit of 34 and 36 per cent. Voit 
fed a full-grown pigeon for 124 days with peas, of which 
it consumed 3,132.4 grms. (dry weight), while its own 
weight rose from 371 grms. to 444 grms. The 3,132.4 
grms. of péas contained 149.4 grms. of nitrogen, and in 
the excrements 145.9 grms. were recovered, showing a 
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Joss of 2.3 per cent. In this experiment the weight of 
the food was more than eight times that of the pigeon, 
and the amount of nitroven in the food ten times that in 
the animal. Taking into account, also, the small weight 
of the animal and the duration of the evperiment, the hy- 
pothesis of any appreciable excretion of gaseous nitrogen 
becomes untenable. The small deficit observed is largely 
explained by the fact that the animal gained 73 grus. 
during the experiment, and was found, when killed, to be 
rich in flesh. 
Experiments on Domestic Animals.—The impor- 

tance of Voit’s observations for the founding of a ra- 
tional theory of feeding, speedily led to experiments on™ 
agricultural animals, which showed that, as was to be ex- 
pected, the same law holds good for them. A large num- 
ber of experiments, in which various domestic animals 
have received a fodder which experience has shown to be 
sufficient to keep them in unaltered condition for long 
periods, have shown that under these circumstances all the 
nitrogen of the fodder reappears in the excrements. 

Oxen.—The earliest observations were those of Ienne- 
berg, at the Weende Experiment Station, on oxen. Lis 
first experiments, in 1858 to 1859 and 1860 to 1861, agreed 

in the main with Voit’s results, but, owing to the com- 
parative imperfection of the experimental methods then 
available, considerable variations were found in particular 
cases. Further experiments, however, made in 1865,* with 
improved methods and apparatus, showed that these varia- 
tions were due to experimental errors, and most abun- 
dantly confirmed Voit’s observations, as the following 
results show: 

* “Neue Beitrage zur Begrundung einer Rationellen Fiitterung der 
Wiederkuuer,” p 380. 

5 
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NITROGEN PER DAY. DIFFERENCF, 

Weight of 
No of 

Expenment amma In food, In excrement 
Grms. Grms. Grms, Per cent 

: re 1,408 135 5 135.0 —0.5 0.4 

Diaserece ‘6 131.0 182.0 +10 08 

5 “ 131.0 127 5 —3 5 2.7 

Boece case 1,529 161.5 167.5 +6.0 3.7 

re “ 160.0 156 5 —3.5 22 

Grouven * also found approximately an equilibrium be- 
tween the nitrogen of the food and of the excrements of 
oxen fed on clover hay. A ration of 14.3 Ibs. of clover 
hay per day and head gave the following results: 

NITROGEN IN DIFFERENCE 

pensth ore 
xperimen 
a 00d. Bxorements. Grms. Per cent 

8 days....... 1,087 79 1,153.67 +65 88 6.0 

10 days....... 1,506.42 | 1,463.63 —42.79 28 

Milk cows.—Experiments on five different cows in three 
different places—viz., in Munich, by Voit,+ at the Ex- 
periment Station at Mockern, by G. Kuhn,t and at 
the Hohenheim Experiment Station, by E. v. Wolff §— 

Tr ree arerne ertntanterperer reat mrerniflttinpinteinhm erin pdr rer Hirer mAb iy 

* Aweiter Bericht uber die Versuchs-Station Salzmunde, 1864, p. 122. 
+ Zeitschrift fur Biologie, 1869, p. 118 
t Landw. Verguchs-Stationen, XII , 450. 
§ Die Versuchsstation Hohenheim, 1870, p, 49. 
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have shown that the visible excrements of these ani- 
mals also contain all the nitrogen which leaves the 
body. 

The following table gives a resumé of all the results, 
expressed in granimes per day and head: 

NITROGEN IN | DIFFERENCE 

ince. “fea. Food. : meee Gime Per cent 
| Grms Grms. | 

Munich....)  6days. | 241.5 | 22853| —297 | 12 
Mockern...| 20 to 25 days. 120.5 122.0 +1.5 1.2 

6 “é 121.0 117.5 —3.5 2.9 

& ce 117.4 113.1 —4,3 3.6 

bs e 1145 120.0 +65.5 4.8 

7 u 1148 | 1084 | —64 56 
“ “ 1214 | 1182 | —82 6.7 

Hohenheim) Nearly 6 weeks.; 165 2 164.5 —0.7 04 

6 us 169.1 169.8 +07 0.4 

Sheep.—In. case of sheep, we have to take into account, 
besides the excrements, the growth of the wool. The fol- 
lowing results, selected from those obtained by Marcker 
and E. Schulze + in a large number of experiments at 
the Weende Experiment Station, show that when this is 
done the same law holds with sheep as with other 
animals. 
LOE NTTTaTE anon oc TREE ACA AEM CITES TT elipemnareremerreetrenttithiiten iframe: Ae 

* Including the milk. 

+ Jour. f Landw , 1870, p. 301. 
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DIFFERENCE, 
Live Nitrogen of | Nitrogen ex- 

No of eleht fodder creicd 
Anunal. Lbs per day. pei day. 

. Grms. Grmis. Grms. Per cent, 

TIT... 2.2... 94.7 17.81 16.93 — 0.88 49 

I 104 0 17.26 16.12 —114 6.6 

III. & IV. (av) 100.4 14.40 14.16 —~0,24 1.6 

I. &Ir. ‘ 122.1 16.34 17.46 +1.12 6.8 

TIL & IV. * 108 6 14.76 15 15 +0.39 2.6 

|} eee 135.5 25 87 25 20 —0.17 0.7 

JID... 22.0.0. 109.5 19.52 19 85 +0.33 1.7 

Goats.—The following experiments, made by Stoh- 
mann * at the Ilalle Experiment Station, show that in 
the goat also the excretion of nitrogen takes place in the 
visible excreta, and that no considerable excretion of gase- 
ous nitrogen ¢an occur : 

NITROGEN PER DAY. DIFFERENCE. 

Live 2 No. of th t. 

Amma | “Es” | In fodder, |iMoremements) | per cont 
. Grms, 

I oe 81.1 23.3, 23.0 —0.3 1.3 

IT 63.5 23.0 22.2 —-0.8 3.5 

| 81.4 21.1 21.5 +0.4 1.9 

IL........ 62.2 21.1 21.4 +0.3 1.4 

| ran 85 3 23 9 23.5 —0.4 1.9 

IT 66.0 23.7 23.6 —Q.1 0.5 

| en 83.4 24.6 24.3 —0.3 1.4 

* Zeitschrift fur Biologie, 1870, p. 204. ™ 
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For the sake of brevity, no description of the fodder has 
been given in any of the above experiments. It is suthi- 
cient to say that it was found by experience to be just 
sufficient to maintain the animals, and that the latter did 

not appreciably gain or lose during the trials. The duration 
of the feeding, when given, refers in most cases to the 
total length of time during which the fodder was used ; 
the actual investigation of dung and urine usually ex- 
tended over 7 to 10 days. 

Investigations of the Respiratory Products.—The 
experiments which we have already described have shown 
conclusively that no appreciable excretion of nitrogen takes 
place through lungs and skin, and direct investigations of 
the respiratory products have only confirmed this fact. 
It is true that we have no means of accurately determining 
lhow much free nitrogen is exhaled, but any ammonia that 
may pass off in this way can be very exactly determined. 
Such experiments have been executed, and have all shown 
that only minute quantities of this gas are excreted. 
Thus Grouven,* in experiments on twenty-nine different 
individuals, obtained the following amounts of ainmonia 
per 1,000 lbs. live weight per day : 

Grms. Grms. 

Man......... 0.287-0.510 Sheep ...+..0. 0.340~0.585 

Boy .....20s 0.457-0.541 Dog......22. 0.663~1.350 

Ox .....6.00e 0.206-0.614 Horse ........ 0.259 

Cow... ..eee 0.1740 .392 ABS Lecce ee ne 0.673 

Calf......... 0 774 Goat ......... 0.585 

Hog... ...0es 0.921 

Other observers have obtained equally small and unim- 
portant amounts. 

Quite recently, Seegen and Nowak,+ in Vienna, by a 

* Zweiter Salzmunder Bericht, 1964, p. 235. 
¢ Biedermann’s Central-Blatt, 1879, p. 593. 
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peculiar arrangement of the respiration apparatus, claim to 
have shown an exhalation of free gaseous nitrogen by 
various animals; but the method adopted by them de- 
mands such extraordinarily accurate analyses that the 
results obtained can as well be attributed to analytical 
errors as to an actual excretion of free nitrogen. 
Determination of Gain or Loss of Flesh.—In thie 

foregoing paragraphs we have presented, somewhat at 
length, some of the evidence which shows that nitrogen 
is excreted to any considerable extent only in the visible 
ejecta. This evidence could have been greatly amplified 
were it necessary, but enough has been given to prove the 
point in question. 

The value of this knowledge lies in the fact that by 
virtue of it we can determine easily and exactly whether 
an animal is gaining or losing nitrogenous constituents, 
2.¢., flesh. We need only to compare the amount of nitro- 
gen in the digested portion of the daily fodder of the ani- 
mal with that daily excreted in its urine; or, more simply 
still, to compare the total amount of nitrogen in the fodder 
with that of all the sensible excrements, both urine and 
dung. If the amount in the fodder is the greater, the 
difference evidently must be still retained in the body as 
flesh. If, on the contrary, the amount is greater in the 
excrements, it shows as conclusively that more albuminoids 
have been decomposed than have been supplied, and that 
the animal is losing flesh. 

Furthermore, since the albuminoids contain on an aver- 
age 16 per cent. of nitrogen, we can, by multiplying the 
difference found by the factor 6.25, as explained on page 
17, calculate the weight of albuminoids corresponding to 
the observed difference of nitrogen, and thus tell exactly 
how nvuch flesh has been gained or lost. If the amount 
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of nitrogen found in the excrements is the same as that 
given in the fodder, it shows, of course, that neither a gain 
nor @ loss has taken place. 

In a subsequent chapter we shall see that all our knowl- 
edge of the laws of the furmation of tlesh has been obtained 
in this way, and that consequently the truth of those laws 
depends on the truth of the view that the urinary nit:ogen 
is a measure of the amount of protein decomposed in the 
body. 

Excretion of Carbon.—The carbon of the organic 
matters destroyed in the body is excreted in two ways. 

Part of it leaves the body in the various urinary prod- 
ucts, but by far the larger portion is excreted as carbonic 
acid through lungs and skin, as already described, so that 
au investigation into the gain or loss of carbon by the ani- 
mal body requires a determination of the gaseous excreta. 

Excretion of Hydrogen.—aA portion of the hydrogen 
of the tissues is also excreted through the kidneys, a little 
of it in combination with earbon, nitrogen, and oxygen, in 
the urea, etc., but most of it in the form of water. 

Considerable quantities of water are also excreted 
through the lings, as is made evident by the visible con- 
densation of the moisture of the breath on a cold day, and 
likewise through the skin. 



CHAPTER VY. 

METHODS OF INVESTIGATION. 

Tue practical result of a particular method of feeding 
shows itself, if we neglect for the moment the production 
of milk and wool, in a gain of flesh or fat in the body of 
the animal and in the production of work. We have, 
then, to consider more minutely the various circumstances 
which are favorable or unfavorable to the production of 
fat or flesh, and by which a greater or less amount of use- 
ful exertion is made possible to the animal. 

But before so doing, it will be profitable to cast a brief 
glance upon the methods used in investigations on these 
subjects—on the ways and means by whose help our 
knowledge, especially of the laws of flesh-production, has 
of Jate been essentially increased and made clearer. 

§ 1. DeTERMINATION oF DIGESTIBILITY. 

Digestion Experiments,—While the pure nutrients 
are theoretically capable of being wholly dissolved and re- 
sorbed in the digestive apparatus, yet in practice they are 
so enclosed in or impregnated by indigestible matters, 
which protect them from the action of the digestive flu- 
ids, or the effect of the latter is so modified by the pres- 
ence of several nutrients at once, that a greater or less 
portion escapes digestion and is excreted in the dung. 

To determine the digestibility of a feeding-stuff, both 
the latter and the dung of the animal are carefully weighed, 
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and analyzed in exactly the same way. The absolute quan- 
tity of each nutrient which enters and leaves the body be- 
ing thus known, the difterence between the total amount 
of dry matter in fodder and dung gives the tutal amount 
of matter digested, and the difference in the amount of 
any particular constituent, e. g., crude fiber, shows how 
much of that constituent has been digested. 

It is a matter of course that the greatest care must be 
exercised, both in the weighing off and portioning out of 
the fudder, in the cullection of the excrement, and iu the 

preparation of a correct sample for chemical analysis. 

In fact, a high degree of aceuracy las been reached in 
such “digestion experiments” by the help of various ap- 
paratus, stall fittings, and other arrangements, as may be 
seen from the results of control experiments, especially 
when the animal is of a kind favorable to the attainment 
of accurate results. The latter is generally the case with 
the smaller animals, particularly with sheep. 
The Time occupied in Digestion im the ruminants is 

comparatively long; it has been found by numerous obser- 
vations, made in various ways with the same result, that 
after a sudden alteration of the feeding, the remnants of 
the former fodder are still recognizable in the excrements 
for as much as five days. Accordingly, in all digestion 
experiments, the fodder whose digestibility is to be deter- 
mined must be fed for a period of several days before the 
excrement can be safely considered as corresponding to the 
fodder and before a sample can be taken for analysis. 
This preparatory period must, of course, be long enough to 
insure the complete elimination of the remnants of the 
previous fodder ; generally it is extended to at least seven 
days. 

This preparatory perivd is the more important since the 
5* 
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fudder undergoes a much more intimate mixture in the 

long and complex digestive apparatus of the ruminants 
than in the shorter and simpler one of the carnivora or of 
man. In the latter it is often possible to distinguish the 
excrement coming from the new fodder by its appearance 
simply, and if a little colored fruit be eaten, it frequently 
forms a sharp line of division between the two. 

The process of digestion in the horse and hog is, indeed, 
more rapid than in the ruminants; but, nevertheless, in 
experiments on these animals, a similar preparatory period 
is observed, to insure entire accuracy. 

A Source of Error in Digestion Experiments.—The 
amount of solid matter digested must be equal at (east to 
the difference between fodder and excrement ; it is, in fact, 
slightly greater, for the reason that the dry matter of the 
excrement is somewhat increased by the addition of certain 
products of the intestines themselves, and especially of por- 
tions of the bile which escape resorption, so that the appar- 
ent digestibility of the fodder is decreased by that amount. 

Some idea of the amount of nitrogenous substance thus 
excreted, and the consequent error in the determination of 
the digestibility of the alouminoids, may be obtained by de- 
termining the nitrogen in the ethereal and alcoholic extracts 
of the excrement, and also the sulphur in organic combina- 
tion contained in the aqueous extract. The constituents of 
the bile are largely soluble in alcohol and ether, while the 
albuminoids are not; of the “bile-constituents not thus 
soluble only the tanrin needs to be considered, and this is 
soluble in water and distinguished by a very large content 
of sulphur (25.6 per cent.), while its nitrogen amounts to 
11.2 per cent. In this way it is not difficult to find the 
greatest quantity of nitrogen which may possibly have 
come from unresorbed biliary substances. 
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Some experiments made in Weende by E. Schulze and 
M. Mircker* showed that this nitrogen, in the case of 
sheep fed exclusively on hay, constituted only about + per 
cent. of the total nitrogen of the excrement and equalled 
only about 2 per cent. of that of the fodder, so that it 
could not cause a very considerable error in the determina- 
tion of the digestibility. In the excrement of swine, which 
generally consume easily-digestible fodder and therefore 
excrete comparatively little solid matter in their dung, the 
quantity of biliary products is Indeed relatively greater, 
and their nitrogen amounts, according to experiments in 
Tfohenheim and in Kuschen, to one-fitth or even one-fourth 
of the tutal nitrogen of the excrement, but, owing to the 
high digestibility of their ordinary fodder, equals only 3 to 
6 per cent. of the nitrogen of the latter. 

These billary and other products, then, can seriously im- 
pair the determination of the digestibility of the albumi- 
noids only when the fudder is extraordinarily poor in 
nitrogen. Four example. it was observed by Grouven, at the 
Salzmunde Experiment Station, that full-grown oxen on 
almost “starvation fodder,” amvuunting to only 5 to 9 Ibs. 
of rye straw, together with non nitrogenous materials, per 
day, sometimes excreted more nitrogen in their dung than 
they received in their fodder. 

It is therefore difficult to arrive at even tolerably aceu- 
rate results regarding the digestibility of the protein in 
substances so poor in nitrogen as the straw of the cereals, 
when these are fed alone ; but with even an approximately 
sutiicient fodder, the intluence of the biliary products, ete., 
is not at all considerable and becomes less the more nitro- 
yonous the fodder, since it has been found, at least in the hen ia 

* Jour. f. Landw., 1871, p. 19. 
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Iohenheim experiments on swine, that the absolute quan- 
tity of these products in the excrement is no greater with 
a rich than with a poor fodder. 

Digestibility of Fat.—The determinations of the di- 
gestibility of fué hitherto made in digestion experiments 
are much less exact than those of the digestibility of albu- 
minoids. Most of the biliary products are soluble in ether, 
and as the ordinary fodder of domestic animals contains 
but a small quantity of fat, by the addition of these pro- 
ducts to the actual fat contained in the excrement the 
apparent digestibility of the fat must evidently be very 
considerably decreased, and the more so the less of it is 
contained in the fodder. 

In some experiments by E. v. Wolff, at Hohenheim,* on 
swine, the animals were fed exclusively with potatoes—a 
fodder containing but little fat—and the absolute quantity 
of crude fat (or, more correctly, of matter soluble in ether) 

in the excrement was considerably greater than that con- 
tained in the fodder, amounting to 9.48 grins., and 10.95 
grms. per day and head, against 4.27 grms. and 4.91 gris. 
in the fodder. 

But, notwithstanding this source of error, digestion ex- 
periments yield results for fat which, although by no 
means absolutely correct, are yet, to a certain extent, com- 
parable, and have a certain worth in estimating the value 
of a fodder, though it must always be borne in mind that 
they are too low, and the more so the poorer the fodder is 
in fat. We have already learned that the results obtained 
in fodder analysis are only approximate. They do not 
represent pure substances, but serve, when all analyses are 
carried out in the same way, to compare different fodders 

* Landw. Jahrbucher, VIII., I. Supplement, p 202. 
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with each other. The same is of course true of the analy- 
sis of the excrement, which is purposely made after the 
same method. Nemembering these facts, we comprehend 
that the determinations of digestibility are likewise only 
approximations. More accurate results are greatly to be 
desired, but at present we have no means of obtaining 
them and must be content with our present methods, 
which, though confessedly imperfect, have yet been of the 
greatest service in placing the practice of cattle-feeding on 
a rational basis. We can understand, then, that the pres- 
ence of these biliary and other products in the excrement 
is not so great a source of inaccuracy as it might at first 
thought seem, since their quantity is relatively small and 
is comparatively constant in the same animal, so that the 
results of digestion experiments are fairly comparable. 
At any rate,we may be sure that, if we base our caleula- 
tions of the amount of fodder to be given for any particu- 
lar purpose on results obtained by the above methods, the 
animals will not get dess than the calenlated amount of 
nutrients, though they may receive slightly more. 

§ 2. DererMINATION OF THE Nutritive Errect oF A Ration. 

Production of Flesh.—The method of determining the 
gain or loss of flesh in an animal, which has been already 
indicated, is based on the well-established fact that the 
nitrogen of the urine is an accurate measure of the amount 
of protein decomposed in the body. 

If in a digestion experiment, carried out as described in 
§ 1, the urine of the animal be also accurately collected and 
measured, and the quantity of nitrogen which it contains 
determined, we have all the data necessary to determine 

the gain or loss of flesh. 
From the determinations of the digestibility of the fodder 
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we know how much nitrogen has entered into the system, 
while the urinary nitrogen tells us how much has left it; 
the difference between the two, of course, is the gain or 
loss of nitrogen by the body, and since the albuminoids 
contain, on an average, 16 per cent. of nitrogen, this quan- 

tity, multiplied by 6.25, gives the gain or loss of dry pro- 
tein. If it is desired to know the amount of fresh flesh, 
with its normal content of water and ash, which has been 

gained or lost, this also can be calculated from the average 
composition of the latter. Voit,* in all his experiments, 
reckons, on the basis of his own and other analyses, that 
fresh flesh, free from fat, has the following composition : 

Water... ccc ccc ace cece cece cette tase wane 75.9 per cent. 

Ash ee rer a ere ae Pa a ere a a ore eee 1 3 ee 

Dry matter .... ccc cece cece cece tc eeenennas 228 $6 

100.0 
Nitrogen ....... wee e weet eee e erst ena tteees 3.4 ¢ 

Other observers have obtained results differing slightly 
from this, but not sufficiently to be of serious consequence, 
and since 80 many experiments by Voit and others are 
calenlated on this basis, it will be convenient to follow the 
example of this eminent investigator. Assuming, then, 
that fresh, fat-free flesh contains 3.4 per cent. of nitrogen, 
we have only to multiply the gain or loss-of nitrogen ob- 
served in our experiment by 29.4 (8.4 per cent. x 29.4 
= 100 per cent.) to learn how much flesh our animal has 
Juid on or destroyed, while similar calculations on the total 
urinary nitrogen will inform us of the total amounts, re- 
spectively, of protein or of flesh decomposed in the vital 
processes. 

ATT IONRL eeren ent pepe 

* “ Hrndhrung des Fleischfressers,” 1860, p. 304, and Zeitschrift fur 
Biologie, 1866, p. 468. 
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iA preparatory period of feeding is, of course, necessary, 
as explained in the previous section, and this must be Jong 
enough tu allow the body to eome into equilibrium with 
the fuod, so that the effects of the latter may have fully 
developed themselves. The easperiment proper must also 
extend over a sufficient time to give a fair average. At 
least twenty-four hours is necessary for this, but better 
results are obtained when the experiment covers several 
days. 

Finally, it should be remembered that the results ob- 
tained show, in the first place, only the gain or loss of ni- 

troyen, and that the factors used for cunverting this into 
protein or flesh are average nnmbers only, and that, while 
they are nearly enough true for practical purposes, they 
are not absolutely accurate in all cases. 
Production of Fat.—As the production of flesh is es- 

timated by a comparison of the receipts and expenditures 
of nitrogen by the body, so the production of fat is esti- 
mated by the gain or loss of carbon. 

For this purpose it is necessary to take into account the 
gaseous products of respiration and perspiration, since the 
larger part of the carbon excreted leaves the body through 
these channels. 

These products can only be estimated with accuracy by 
means of a special apparatus, first constructed in a practi- 
cal form by Pettenkofer, in Munich, and now widely used 
under the name of “ Pettenkofer's Respiration Apparatus.” 

The Respiration Apparatus.—The principles of this most important 

apparatus are well ulustrated in an ordinary stove, in which the gases 

coming from the fire may represent those coming from the lungs of the 

annnal 

As long as the chimney draws, no smoke escapes from the doors and 

draughts of the stove, but, on the contrary, the air presses from all 

sides into the stove, to pass out through the chimncy. 
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If, in the pipe conducting the smoke from the stove to the chimney, 

an exact measurement of the vulume of air passing were possible, and 

if, also, the composition of the air entering the stove and of that passing 

out could be exactly determined in an aliquot part of it, we should 
have all the factors needed in ordexto determine what had been added 
to the air that entered the stove by the fire inside it 

In the respiration apparatus the place of the stove is taken by a small 
room, constructed of boiler-iron, serving to contuin the subject of the 
experiment. This room has windows, cemented as air-tight as possible 
into its sides, and a door, provided with slides through which the out- 
side air has unhindered entrance. 

The place of the chimney is taken by large air-pumps which are kept 
in uniform motion at any required velocity by powerful clock-work, 
which is wound up continually by a small steam-engine. In some cases 
this arrang: ment of pumps has been replaced by a rotary blower. 

The air which is pumped out of the saloon is accurately measured 
by means of a large gas-meter, and in order to obtain an aliquot part 
of this air, and at the same time to analyze the air as it enters the 

saloon, smull mercury pumps are provided, which withdraw uniformly a 

certain portion of air from that leaving the saloon and also from the air 

just before entering it. These portions of air are accurately measured 

by smaller meters, and their content of water and carbonic acid deter- 

mined by absorption of the water by sulphuric acid and of the carbonic 

acid by baryta water. ° 

The difference in water and carbonic acid between the air as it enters 

and as it leaves the saloon, calculated on the whole volume of air pass- 

ing through it, gives the quantity added in the apparatus, 7. ¢., expired 

by the animal. It will be seen that the above-described apparatus is so 

arranged that the animal or man experimented upon is under entirely 

normal circumstances, 7. ¢., under the same atmospheric pressure and 

in an equally pure atmosphere as in a stall or ordinary room. This is 

a great advantage, because only in this way can the expe:iment be car- 

ried on as long as is desirable, and results obtained which are reliable 

and correspond to natural conditions. 

By the use of the respiration apparatus, in connection 
with analyses and weighings of food, drink, dung, and 
urine, we are able to determine alJ thé materials put into 
and removed from the body, and thus to know the exact 
effect of any given ration. 
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The calculation of the gain or loss of flesh has already 
been explained. By determining the amount of carbon 
contained in the carbunic acid excreted throngh the lungs 
and skin and in the urea, etc., excreted by the kidneys, 
and comparing it with the amount contained in the di- 
gested portion of the food, we can find whether the ani- 
mal is gaining or losing carbon in the samme manner as we 
can determine whether it is gaining or losing nitrogen. 
If the excreted carbon is less than that contained in the 
food, the difference must have been retained in the body; 
if greater, the excess must have come from the tissues of 
the body. The gain or loss of carbon, however, may have 
been in one or both of two forms: viz., fat or albuminoids. 

If the comparison of the nitrogen in fudder and evcre- 
ments shows that the body has neither gained nor lost albu- 
minoids, then the carbon gained or lost was all in the form 
of fat, since the other non-nitrogenous substances in the 
body are so small in amount that they can be neglected. 
But every 100 parts of fat contains, on an averaye (p. 12), 
76.5 parts of carbon, and therefure every 76.5 parts of 
earbon shown by the experiment to have been gained or 
Jost represents 10U parts of fat, or one part of carbon cor- 
responds to 1.3 parts of fat. The method of calenlation is 
exactly similar to that used in caleulating the gain or loss 
of albuminoids from that of nitrogen. 

The calenlation is essentially the same if a gain or loss 
of albuminoids has taken place, except that the amount of 
carbon contained in the latter must be deducted from or 
added to, as the case may be, that found by experiment 
before multiplying by the factor 1.3. .An example will 
render this clearer. 

In an experiment made at the Weende Experiment Sta- 
tion on sheep, the animals received per day and head 1,216 
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grammes * of hay, together with the necessary amount of 
water. In fodder and excrements were found the follow- 
ing amounts of carbon and nitrogen : 

Carbon. Nitrogen, 
Grms, Gruis. 

IN FopDER— 

Hay... cc cece cen enee ta cccace wee seeseeceees 460.1 18.1 

Water... .. cc cece cose eee ececees ev cae ees cees 0.1 0 

460.2 18.1 
IN EXCREMENTS— 

Dung ......... bee cecacccececsceccecasceeces 202 5 8.45 

1 a 0; 23.2 7.65 

Expired air.... ccc. cece een eeee beens cannons 213 8 

439.5 16.10 

Retained in DOdy....... ccc ew wee eee teen scans o- 20.7 2.00 

Taking first the gain of nitrogen, we find that 

2grms. x 6.25 = 12.50 orms. of protein. 
2 “© x 29.4=58.80 “ “ flesh. 

and, therefore, that the animal had gained 58.8 grms. of 
flesh in twenty-four hours. 

Taking next the gain of carbon, we have to consider 
how much of it is due to the gain of flesh, and how much 
to a deposition of fat. The albuminoids contain on an 
average (p. 17) 53 per cent. of carbon, and hence the 12.5 
germs. of albuminoids gained in this experiment contained 
6.6 orms. of this element. Out of the total gain of 20.7 

wornaonone eh etter mt Se Eni here AM HONE ee AP ~ 

* One gramme = 15,43 grains; 1,000 grammes = 1 kilogramme = 

about 2.2 lbs. 
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grms. of carbon, then, 6.6 grms. were contained im the flesh 
Jaid on, leaving 14.1 grms., which must have been gained 
as fat. But, as we have seen, one part of carbon is equiva- 
lent to 1.3 parts of fat, and hence we have— 

1£.0x1.38=18.2 germs, 

the amount of fat gained. 
So, then, the result of the ration of 1,216 grms. of hay 

per day was, in this particular case, a gain by the animal 
of 12.5 grms. of albuminoids and 14.2 grms. of fat in 
twenty-four hours. 
By a similar process the gain or loss of zuter by the 

body can be determined, and thus the total gain or loss, as 
shown by the live-weight of the animal from day to day, 
ean be analyzed, and we are enabled tu say how much of 
the gain which may be observed is the valuable flesh or 
fat, and how much is due simply to a greater or less quan- 
tity of water in the tissues, or of food and drink in the 
intestines. 

The following table (p. 116) gives the detailed results of 
the above experiment in the form of a balance-sheet, and 
will give some idea of the care and labor with which such 
investigations are conducted. 

Any loss by the body is, of course, placed on the ‘ con- 
sumption” side of the account, and any gain on the ‘‘pro- 
duction” side. 

The Live-weight alone, although very valuable for 
many purposes, gives but a very imperfect idea of the 
effect of aration. The live-weight of an animal includes 
not only the solid matter of its tissues, but also water, the 
food eaten, and the dung and urine contained in the rectum 

and bladder; so that an increase of the live-weight by forty 
or fifty pounds is capable of many interpretations. 
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| —— | 

Consumption, ume (rme. Grms. Grms.)Grms./Grms.} Grins. 

2936 5 Foop AND DRINK: 

1216 0 Hay........-000.-- 997.4 | 218 6, 67 9 460.1 | 8 8 | 18.1 | 5840 

60 Galt....... ccc eee eee 57% 0,81 BT |.ceeee] 0.03) ...0.. Q 27 

1714.5 Well-water .... .... 18 ine. 1.6; 0.1 1190.3 |...... 1522.5 

0 & Loss sy Bopy............. 0.8 |...... 0.8 |.... 

BS7 6 OXYGEN FROM AIR.........) scence | creer |lenneee Se ere ee 587 6 

3524.9 "6.0 1460.2 276.2 | 18.1 2694.4 

Production. 

1814 5 ExcREMENTS: 

1287 0 Dung............... 424 9 | 882.11} 44.0 |202.5 1117.5 | 8 45, 884.6 

557 5 Urine ........2.0055 79.7 | 407.8) 81.1 | 23.2 | 55.5 | 7 65, 439.9 

1640.1 Resprrarory PRODUCTS : 

%80 0 Carbonic acid 0. 2...) see cee leew ene |] aweees 3 Yr 567.3 

15 Marsh gas,........... | poses wane bl eewe ee 1.1) 04 )......) 0.0... 

858 6 Water ..... pecseveeslecnace 858.6)).. .../....6. 95.4 [..see, 763.2 

"0.38 GaIn By Bopy: 

9 5 Wool (includ. fat, etc.)} 7.4 2.1) 0.9! 8.5) 0,7] O.%5) 3. 

Y8 Protein.........s0ce0. VB lieseee eeseee] 41) 0.6) 1.25) 19 

17.1 Fat......... beeen sees 5 oe ae re | 18.1) 2.1 ]...... 19 

25 9 Water....... ccc cere eleveene BBD)... ee leeeeee 4.0 |...... 81.9 

3524°9 | 76.0 460.2 )276.2 | 18.4 2694 4 

It may indicate a gain of flesh or fat, or both, or it may 
result simply from an increase of the water content of the 
tissues, or from an increased amount of food, water or 
dung in the intestines. The stomach alone of the ox will 
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hold 100 to 150 lbs. of water. The excretion of dung, too, 
is more or less irregular, especially for the first week or two 
on a new ration. 

“‘Grouven fonnd in many of his feeding experiments 
that during the first week the amount of dung excreted 
was often as much as twenty pounds too great or too 
small.” 

To get the most correct results from live-weight, the 
animals should be weighed always at the same time in the 
day, either before or after eating, but always under the 
same circumstances, so far as possible. With all precau- 
tions, however, the live-weight of a thousand-pound animal 
may vary as much as 50 Ibs. daily. 

Stohmann gives the following example: 

An ox weighed, May 28......... ccc cece een cee 1298.3 Ibs.* 
“ cs a es 1242.4 ‘s 
66 ee S| | 1269.8 ‘ 
& & 6 BL Leelee ca ee eee eceecees 1288.3 ‘ 
ee & JUNE BF... ees eee ee eee ee ween 1271.1 <* 
&s 66 eoanee 1210.7 *“ 
66 oT an ©. awn eeennees 1294.2 ‘ 

It is evident from the above that the live-weight is a 
very uncertain criterion for judging of the effect of a ra- 
tion, and that for scientific purposes, where an accurate 
knowledge of the gain or loss of flesh and fat is required, 
it is almost worthless. 

These remarks are not to be understood as calling in 
question the practical value of the live-weight. The scales 
are (or should be) an important adjunct to the stable, but 
it is all the more necessary, on that account, to know how 
far their indications can be trusted, while every one who 

east 

*1 German lb. equals about 1.1 English lb. 
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undertakes to make feeding experiments should be aware 
of the exceeding ambiguity which attaches to sald 
changes of weight. 

The foregoing explanations make evident how much 
labor and care are necessary in order to determine, with 
any certainty, the nutritive value of even a single article 
of fodder for a single class of animals, and it is no cause 
for surprise that the theory of feeding can only reach 
its complete development in all directions slowly. When 
the question is only of the gain or loss of flesh, tle method 
of experiment, as we have seen, is munch simpler and less 
laborious and demands less expensive apparatus, than when 
the effect of the ration as a fat-producer is to be deter- 
mined ; and it is therefore natural that the laws of “flesh- 
building” are already very thoroughly explored, while in 
regard to the circumstances under which the greatest and 
most advantageous production of fat or work is to be ob- 
tained we are much more in the dark. 



CHAPTER VI. 

FORMATION OF FLESH. 

§ 1. INTRODUCTORY. 

In the foregoing chapters we have considered the com- 

position of the animal body and of those substances which 
serve to nourish it—the nutrients, the manner in which 

these nutrients are digested and resorbed so as to become 
part of the body, and in outline the changes which they 
undergo in the body and the forms in which they are 
finally excreted from it. 
We saw that we may regard the body as composed es- 

sentially of protein, fat and mineral matters. The object 
of feeding is a production of these several ingredients in 
greater or less quantity. Jf an animal is simply to be 
kept in the same bodily condition—to be wintered, e. g.— 
we aim only to produce enough to supply the unavoidable 
destruction of tissue that goes on in every living organism, 
while in feeding for milk, or in fattening, we endeavor to 
obtain the most rapid production possible, especially of 
protein and fat; but in any case some production must 
take place. 

Plainly, then, it is of the highest importance to know 
the laws that regulate the formation of flesh (protein) and 
fat, from what ingredients of the food they are formed, 
and what quantities and proportions of the latter will pro- 
duce the desired effect most rapidly and cheaply. In this 
chapter we shall consider the laws regulating the produc- 
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tion of flesh, and in the following one those governing the 
production of fat. 

The Laws of the Formation of Flesh have been 
most thoroughly studied in the carnivora, but they are 
essentially the same for all the higher animals. 

The various races of animals differ, indeed, as regards 

the fodder which they chiefly consume, as well as in their 
greater or less digestive power for certain kinds of fodder; 
but the real nutrients which are resorbed from the diges- 
tive apparatus, even with the most varied rations, are 
always the same, viz.: protein, fat, and sugar, together 
with water and certain salts. Since, furthermore, in all 
mamuinals at least, the corresponding organs are entirely 
similar in their structure, chemical composition, and func- 
tions, the decomposition of their constituents must follow 
the same course, z. ¢., the substances once resorbed and 
taken up into the circulation decompose or are laid up in 
the body according to the same laws. 

Moreover, the laws derived from experiments on car- 
nivora have been completely confirmed in their general 
scope and bearing in all the experiments recently made 
on herbivora, viz., on oxen, cows, sheep, and goats, though 

the total amount of material decomposed or stored up in 
the body varies according to the proportions of the various 
classes of nutrients contained in the normal fodder of the 
animal. 

The food of the carnivora consists chiefly of protein and 
fat, while the herbivora consume relatively less of these 
but large quantities of carbhydrates. 

The ability of the carnivora and herbivora to resorb the 
various nutrients is not, however, so different as is gener- 
ally supposed; it has been shown, ¢. g., that a dog is able 



MANUAL OF CATTLE-FEEDING. 121 

to digest and resorb, daily, as much as 15 grms. of starch 
per kilogramme of live weight, while a well-fed milk-cow, 
or even a fattening ox, resurbs frum its fodder, daily, nut 
more than 12 to 18 grms. of carbhydrates per kilogramme 
live weight. Similar facts have been observed regarding 
the resorption of protein, but not regarding that of fat, 
which is digested by the carnivora in relatively far greater 
quantity than by herbivora. 
A large part of our knowledge of the laws of the for- 

mation of flesh is due to the labors at Munich of Karl 
Voit, at first in conjunction with Bischoff and, later, 
alone and with v. Pettenkofer. These investigators have 
made a great number of experiments, chiefly on dogs, de- 
termining the gain or loss of flesh and the total amount 
of protein decomposed in the body by the method de- 
scribed in Chapter V., and to them belongs the honor, 
both of having established a reliable method of investiga- 
tion (see Chapter [V., pp. 94-97) and of having applied it 
successfully to the solution of the important question of 
the effect of food on the gain or loss of flesh. The results 
stated in this chapter are largely those of the above-named 
investigators. 

Protein Consumption.—In considering the laws of 
flesh-formation, there are two parallel processes to be dis- 
tingnished. 

In the first place, in every living organism a certain 
quantity of albuminoid matter is daily destroyed in the 
vital processes, and its nitrogen appears as urea, etc., in 
the urine. 

The amount of protein or flesh thus destroyed may vary 
greatly in different animals, or in the same animal at dif- 
ferent times, but it can only cease entirely with the cessa- 
tion of life, and cannot sink below a certain minimum 

6 
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amount without serions derangement of the vital func- 
tions. This continual and necessary process we shall call 
protein consumption.* This, of course, must not be con- 
founded with the amount consumed by the animal in its 
food. It denotes a very different thing. 

In the second place, from a sufficient and suitable fod- 
der more protein may be resorbed into the circulation 
than is needed to supply the consumption under the given 
circumstances, and this surplus produces a deposition of 
protein and becomes part of the body. Evidently, what- 
ever decreases the protein consumption and increases the 
amount deposited in the tissues is so much gained in 
feeding. 

The protein consumption is not to be considered as 
waste, for it is necessary to the vital processes and, as we 
shall see, is generally greater the richer the food, but an 
improperly constituted ration may unnecessarily increase it 
and result in an unproductive use of fodder. The smaller 
the protein consumption can be made, consistently with 
the proper performance of the vital functions, the more of 
the protein of the food is available for the production of 
flesh. 

* We have seen (Chap. V.) that from the urinary nitrogen we can 
calculate the amount of either dry protem or fresh flesh decomposed 
in the body, by multiplying respectively by 6 25 or 29.4. In most of 
the experiments which have been made on carnivora the results have 

been expressed as flesh, while in those executed on herbivora the re- 
sults have been calculated as dry protein. In the one case we should 
speak of the ‘consumption of flesh,” and, in the other, of the 
‘‘ protein consumption.’’ The two are equivalent, but not equal, 
the consumption of flesh being 4.7 times the protein conaump- 
tion. 

In the following pages we shall have occasion to use both expres- 
sions. 
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§ 2. OrnganizeD AND Cracunatory PROTEIN. 

Protein Consumption during Hunger.—The follow- 

ing table * gives, in gramines, the quantities of urea daily 

excreted by a fasting dog weighing about 35 kilogrammes 

(77 lbs.), the excretion of urea being, as we have seen, an 

exact measure of the protein consumption in the body. 

No. of Experiment. il. 5. 14, 15, 16, 

Previous food 2,500 grms 80 arms 1,500 germs, | 1,500 grms. 
per day. meat, arms. fat. meat. meat, 

Grms. Grms. Grmas, Grma, Grmr, 

Lastday offeeding 180 8 130 0 110.8 110.8 24 7 

1st day of fasting 60.1 37°5 29.7 26.5 19.6 

2d SS “6 24.9 23.3 18.2 18.6 15 6 

ad “6 19.1 16.7 17.5 15.7 14 9 

4th ‘ se 17.3 14.8 14.9 14 9 13 2 

Sth ‘ “ 12 3 12.6 14.2 14 8 12.7 

Gth *$ ‘“ 13 3 12 8 13.0 12.8 13.0 

“th * “t 12 5 12.0 12.1 12 9 

Sth ‘ “e 10.1 wee 12 9 12 1 

Sth “s sae ease anes 11.9 wees 

10th ‘“ * weer eee wees 11.4 wees 
L ccoenaraneraammaemammnat 

It will be observed that in these experiments the protein 
consumption (as measured by the excretion of urea) was 
very unequal on the last day of the feeding and the first 
days of hunger ; furthermore, that when food was with- 
held the protein consumption at once sank, rapidly at first 
but at last very slowly, till at about the siath day it became 
‘ercpmemi speared RRP ara SSR UR -orenkamen eR PNT tank AN Te ASPENS Nt 

* Voit: Zeitschrift fur Biologie, IT , pp. 307-368, 
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practically the same in all cases and so continued during 
the remaining days, its amount being represented by the 
excretion of about 12 grammes of urea. A large number 
of other experiments gave the same result. 

The Two Factors determining Protein Consump- 

tion.—It is plain from the above figures that there are 
two factors which determine the amount of protein de- 
stroyed in the body; a constant one, which caused in 
these experiments an excretion of about 12 grammes of urea 
per day, and a variable one, which caused the excretion of 

very different quantities of urea at first, and which gradu- 
ally disappeared as the experiments progressed. 

No. of Experiment. 11, 5 : 14, 15. 16. 

Previous food 2,500 germs. 1,800 gems, 1,500 germs. | 1,500 grms, 
per day. meat, grms, fat. meat. meat, 

Grms, Grms Grms. Grms. Grms. 

Lastday offeeding| 168.8 118 0 98.8 98.8 12.7 

1st day of fasting.| 48.1 25.5 17.7 14.5 7.6 

2d “ 12.9 11.3 6.2 6.6 3.6 

8a ‘6 71 4.7 5.5 3.7 2.9 

4th * “ 5.3 2.8 2.9 2.9 1 2 

Sth ‘SF 0.3 0.6 22 2.8 0.7 

6th “* 13 0.8 1.0 0.8 1.0 

Mth ‘“ 0.5 0.0 0.1 0.9 

Sth “  # —1.9 eee 0.9 0.1 

%h “ * ‘ —0.1 

10th ‘* & —0.6 

Total ¥.......... 244.3 163.7 135.3 131.1 29.7 

* Omitting the negative quantities. 
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If we assume 12 grammes of urea as the amount due to 

the constant tactor, and subtract this from the total excre- 

tion on the several days in these experiments, the remain- 

ders will exhibit the action of the variable factor. In the 

table on the opposite page this has been done. 

This table shows still more clearly the great influence of 

the variable factor at first and its speedy disappearance 

when the supply of food is cut off. 

Organized and Circulatory Protein—It is evident 

from these and a great number of similar results that the 

protein of the living body exists in two forms—a compara- 

tively stable one, which decomposes slowly and yielded in 

these experiments about 12 grammes of urea per day, and 
an easily decomposable one, whose amount depends on the 

food and which is rapidly destroyed when food is with- 
held. The quantity of the latter is small as compared 
with that of the former. In experiment Il, for example, 
where its amount was greatest, its total quantity was only 
about 3,364 grammes of flesh (244.3 grms. of urea x 13.77), 
while the animal weighed about 35,000 grammes. 

Voit designates the stable protein of the body as organ- 
azed protein, and considers that it makes up the mass of 
the organs; while the variable and easily decomposing 
quantity he calls ccreulatory protein. Under the latter he 
does not include the protein of the blood and lymph,, but 
only the dissolved protein which penetrates from these 
into the tissues and bathes the cells in a nourishing fluid. 

Some good authorities dispute the correctness of the 
names circulatory and organized protein, but there is no 
dispute as to the correctness and importance of the distinc- 
tion which they imply between the two forms of protein 
in the body. For our present purpose this is the impor- 
tant thing, and we shall use Voit’s nomenclature, under- 
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standing by organized protein the great mass of slowly 
decomposing nitrogenous compounds in the body, and by 
eirculutory protein the relatively small quantity of easily 
decomposable albuminoids which it contains. 

The quantity of circulatory protein in a poorly nourished 
body is only small, not amounting in hunger to one per 
cent. of the weight of the organized albuminoids, but its 
amount is increased by an abundance of protein in the 
food, and may, at least in the carnivora, rise to five per 
cent. or more. But, be the quantity of circulatory protein 
large or small, the greater part of it, generally seventy to 
eighty per cent., is consumed in the course of twenty-four 
hours, and an exactly corresponding quantity of nitrogen 
excreted in the urine as urea, etc.; while of the organized 
protein, at most not more than 0.8 per cent. is consumed— 
that is, the protein consumption in the body takes place 
almost wholly at the expense of the circulatory protein. 

It can be by no means assumed, as was formerly done, 
that all organs of the body are subject to a rapid metamor- 
phosis, and that in the course of a comparatively short time 
the whole organism to the last atom is renewed and rebuilt. 

This is only the case as regards a few tissues. The 
blood corpuscles, ¢.g., and the milk glands in the period 
of their greatest activity, are rapidly destroyed and as 
rapidly re-formed; but by far the greater part of the 
organs have, when once formed, a much greater stability, 

although the contents of the cells vary much in quantity 
and quality with the varying food of the animal. The 
circulatory protein, on the contrary, suffers a continual and 

rapid destruction, and must be continually replaced by 
protein from the food. 

Other Experiments.—That the organized protein of 
the animal body is destroyed far less easily than the cireu- 
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latory protein, is also indicated by more direct experiments 
which have lately been made. 

If by any means it were possible to introduce into the 
body of an animal which had been deprived of food long 
enough to destroy its cireulatory protein, albuminoids in 
the form of a living organ from another animal, we should 
expect that, according to Voit’s theory, these albuminoids 
would be but slowly destroyed in the body. Forster * at- 
tempted to accomplish this by the transfusion of blood, 
and found that the protein of living blood, which may be 
regarded as organized, was but slowly destroyed in the 
system, while simple solutions of albumin produced an 
immediate and considerable increase in the excretion of 
urea. It is noticeable, however, that his results show that 

albumen thus injected seems to be more slowly decom- 
posed than that taken in the food. 

Tschieriew + has compared the behavior of transfused 
blood with that introduced into the stomach, with the fol- 

lowing results : 

Nitrogen given. Nitrogen excreted. 
Grms, Grms. 

Blood fed... ... cece eee e see eee 13.19 14.55 

‘transfused. .......0. eens 19.09 6.85 

a :\ 6 Sr 14.38 14.43 

No food. ......... vec ceaceccsecs 0.00 4.65 

Blood tramsfused ............00. 18.53 10.60 

These figures show plainly that the albuminoids of the 
blood, after they had passed through the digestive appa- 

* Zeitschrift fiir Biologie, XT., 496. 

+ Biedermann’s ‘ Central-Blatt fur Agr. Chem.,’ X., 98. 
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ratus, were much more readily oxidized in the body than 
before. 

§ 3. FEEDING WITH PROTEIN ALONE. 

In order to obtain a clear idea of the various factors 
which determine the consumption of protein, on the one 
hand, and its deposition on the other, it will be best, in 
the first place, to consider the phenomena produced when 
the several nutrients are fed alone, and afterward the 

effect of two, or of all of them together. 
Consumption dependent on Supply.—The numerous 

researches made by Voit* have shown most fully that 
the consumption of protein in the body is largely deter- 
mined by the sugyply of protein in the food. That the ex- 
cretion of urea, and consequently the protein consumption, 
was inflnenced by the food to a very considerable extent, 
had already been noticed, but this observer has the merit 
of having fully investigated the subject and given it the 
prominence it deserved. His experiments were made 
chiefly on dogs; the following are some of the results 
obtained in different experiments on the same dog with 
a diet of various quantities of pure, fat-free meat: 

Grms.iGrms |Grms |Grms |Grms lorms, Grms {Grms | Grma, 

Meat caten per day . 0 | 800] 500 | 900 11,200 /1,506 | 2,000 | 2,500 | 2,660 

Urea excreted seee| 12 32/ 40|/ 68| 88| 106| 144] 17831 181 

Corresponding to flesn [165 | 4421 552 | 938 | 1,214 | 1,468 | 1,987 | 2,887 | 2,498 
 eosnananel ne 

The consumption of flesh varied from 165 grms. per 
day during hunger to nearly 2,500 grms. with the largest 
amount of albuminoids in the food, and almost exactly in 

* Zeitschrift £. Biologie, ITT., 1. 
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proportion to the amount of the latter. In all these ex- 

periments by far the larger part of the protein of the food 

was converted into ¢ireulutory protein, which was rapidly 

consumed in the vital processes. That this is always the 

case on a purely albuminoid diet is shown by the scores of 

similar experiments which might be cited. 
Similar experiments on our herbivorous domestic ani- 

mals have given in the main the same result, except that 
the protein consumption has generally been found to be 
less in proportion to the weight of the animal than in the 
carnivora, a fact which, however, as we shall see, is In great 

part due to the large amount of non-nitrogenous matter in 
the food of these animals. Could they be fed on pure 
protein, as was the dog in the above experiments, it is 
probable that the protein consumption would be corre- 
spondingly increased. 

The Consumption does not depend on the Supply 

alone.— With the same amount of protein in the food the 
protein consumption in the body may be very unequal in 
the same animal at different times, as the following results 
strikingly show. 

Moat eaten. previo food, ‘ob ee | SSP aa 
Grms 

2,000. 2,500 grms. meat. 2,229 — 271 

“ 2,000 ‘* *¢ +250 grms fat 2,069 — 69 

“ 1,500 * “ 1,920 + 80 

“6 200 = “* + 300 gelatin. 1,753 + 247 

“ 0 1,677 + 323 

“ 450 grms. starch. 1,383 + 617 

“ 175 ** meat + 300 fat. 1,365 + 685 

6* 
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The same amount of food caused in one case a loss of 
271 grms. of flesh, and in another a gain of 635 grms., and 
a corresponding variation in the protein consumption is 
observed. This can only be eaplained by the difterence in 
the previous food. Where, by an abundant supply of al- 
buminoids, a large amount of circulatory protein had been 
formed in the body, a decrease of the albuminoids of the 
food caused a decrease in the protein consumption, but not 
to an amount corresponding to the decrease in the supply ; 
the animal lost flesh. On the other hand, an increased 

supply of albuminoids caused an increase in the protein 
consumption ; but the increase, like the decrease in the 
other case, was not proportional to the increased supply, 
and a gain of flesh resulted. The figures of the above 
table refer to the first day of the new feeding, and we 
gather fiom them that the protem consumption is depen- 
dent not only on the amount of protein in the food but on 
the bodily condition resulting from the preceding feeding. 
Equilibrium soon established with Food Supply.— 

The gain or loss of flesh observed on the first day after 
a change in the supply of protein does not usually con- 
tinue long. Within a short time—usually two to four 
days—the consumption of protein in the body becomes 
equal to the amount supplied in the food, and no further 
gain or loss of flesh takes place. The two following ex- 
amples may serve to illustrate this. 

CONSUMPTION OF FLESH. 

Food. Previous food. aa a ane 

Day before | Ist day. | 2d day. | 8d day. 

eter a aerate maniremmmenmminaventiminemmmnneernmenccummmnmnneentnintt  ctremseten tetany 

Grms Grn, Crms Grms 

2,000 gims. meat./1,800 grms. meat.) 1,800 | 2,153} 2,480 | 2,532 

2,000 «© « 2,500 — * | 2,500 | 2,229) 1,970 
ed 
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In each, the protein consumption was in equilibrium 
with the food supply at the beginning of the esperiment. 
In the first case an increase of 700 grms. in the amount of 
meat eaten caused a rapid increase in the protein consump- 
tion, till in three days the two were again nearly in equi- 
librium. In the second experiment the same thing Is 
observed as to the decrease of the protein consumption. 
The gain or loss of flesh in either case is very trifling, 
amounting respectively to 335 grms. and 199 grms. in a dog 
weighing about 35 kilogrammes. Nearly all of the addi- 
tional T00 grms. per day in the first experiment was con- 
verted into circulatory protein and rapidly destroyed, while 
in the second the subtraction of 500 grms. per day de- 
creased proportionately the reserve of circulatory protein 
and the amount consumed. 

The experiments given above are simply examples taken 
from a large number of similar ones, made both on carnivora 
and herbivora. all of which have given the same result, 
viz.: the animal body puts itself, after a longer or shorter 
time, into eyudtibrium with whatever quantity of albumin- 
‘vids tt receives in its fodder above that necessary to main- 
tuin dt in average condition. That is, a certain minimum 
quantity of albuminoids is necessary to prevent the starva- 
tion of the animal. An increase of the supply above this 
quantity causes a slight gain of flesh for a short time, but 
a rapid increase in the amount of circulatory protein and 
consequently in the protein consumption, and, finally, ex- 
actly as much nitrogen is excreted in the urine (and milk) 
as is taken in the food. We might compare the stock of 
circulatory protein in the body to a mass of water con- 
tained in a vessel with a small aperture in the bottom. If 
there is no supply, it quickly runs out. Ifa small stream 
of water be let in at the top, a small supply of water may 
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be maintained in the vessel. If a larger stream be ad- 
mitted, the depth of water in the vessel will at once begin 
tu increase, but, at the same time, the pressure on the bot- 

tom, and consequently the rapidity of the outward flow 
through the aperture, increases, and outtlow and intlow 
soon come into equilibrium. If the supply be diminished, 
the level of the water sinks till the hydrostatic pressure 
causes the outflow to again equal the inflow. 

The Protein Consumption during Fasting is not a 

Measure of the Amount necessary to sustain Life, 

as was formerly assumed to be the case. If to a fasting 
animal we give an amount of protein exactly equal to that 
daily consumed, this protein is converted into circulatory 
protein, and the consumption is correspondingly increased. 
In order to maintain an animal in average condition, we 
must give it, approximately, from two to two and a half 
times as much protein in its food as is consumed in the 
body during hunger, and when the food has been rich in 
albuminoids a much greater quantity is necessary to main- 
tain the equilibrium once established. 
When equilibrium is once reached, either by a gain or 

loss of flesh, as the case may be, exactly the same kind 
and quantity of food is necessary to keep the animal un- 
altered in the bodily condition in which it then is. Every 
state of the body, then, demands for its maintenance a cer- 
tain definite fodder, and we cannot well speak of a super- 
fluous consumption of food by animals as by plants, 4. ¢., 
of a wholly useless and unnecessary excess of some one nu- 
trient. A waste of fodder, however, often occurs in prac- 
tice, in so far as more fodder is given than is necessary for 
the object in view, e. g., in the production of milk or wool 
and the feeding of draught animals and young cattle. 
Even in fattening, as we shall see later, the same or a bet- 
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ter result may not infrequently be obtamed with a fodder 
somewhat poor in albuminvids than with one containing a 
very large quantity of them. 
The Rapidity with which Equilibrium is estab- 

lished varies.—It is greater the richer the food is in al- 
buminoids and the less fat is contained in the body; in 
general, therefore, In the carnivora than in the herbivora. 

The influence of the fat of the body in decreasing the 
protein consumption is of great importance. It has been 
proved beyond a doubt that in a fat body, the mass of 
flesh, the food, ete., being the same, the protein consump- 
tion is less than ina lean body. It is not, however, sim- 
ply the absolute quantity of fat, but rather its amount 
relatively to that of the tlesh which is the important point. 

But not only is the protein consumption less in a fat 
body, ceteris paribus, but the rapidity with which equili- 
brium is reached after a change in the food is less. 

The following are the results of two experiments, A on 
a lean animal (dog), B on a fat one: 

a, aia RARE eA HetttetRR miamt terre InP Anta =Anttttn Rt eee OR 

Increase of meat 

mfood, | Eqmhibrmm on | SE | oF imereaved food. 

A 1,800 3d day 309 17 

B 1,620 6th “ 1,365 84. 

A smaller increase of protein in the food of the fat ani- 
mal caused both a relatively and absolutely greater gain of 
flesh, which also continued twice as long. Numerous other 
examples of the same effect might be adduced, were it ne- 
cessary. 

As a consequence of this fact, a gain of flesh can be 
made more readily by herbivora than by carnivora, since 
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the former are, as is well known, much inclined to the lay- 
ing on of fat, and even when in medium condition gener- 

ally contain relatively a much larger quantity of that sub- 
stance than the carnivora. For the same reason we may 

vften increase disproportionately the amount of albumin- 
oids in the food of the herbivora without having to fear 
that it will all be converted into circulatory protein and 
rapidly consumed. Good results may often be attained in 
this way, but we should never, with these animals, leave 

out of account the bodily condition caused by the previous 
foddering. In the beginning of fattening, especially, the 
most appropriate fodder must be essentially different ac- 
cording to whether we have to do with lean and “run 
down” animals or with those which are already in good 
condition. 

Effect of Salt on Protein Consumption.—A mod- 

erate addition of salt to the fodder increases the circulation 
of the juices of the body, and consequently the protein con- 
sumption; but the salt secures advantages, especially in the 
heibivora, which have already been spoken of. The feed- 
ing of salt is therefore especially in place when a greater 
energy of all the vital functions is desired, as in horses 
and well-fed working oxen, in young animals, and in male 

breeding animals, etc., while in fattening only so much 
should be given as is necessary to render the fodder sa- 
vory, and is demanded for the normal nourishment of the 
animal. 

Another action of salt is to increase the excretion of 
urine, often very considerably. 

This is observed especially when the animal is pre- 
vented from much drinking, either purposely or in any 
other way. For the excretion of larger quantities of salt, 
more water is necessary, and this is withdrawn, in the first 
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place, from that excreted by evaporation through the lungs 
and skin, and, if this is not sufficient, from the body itself. 

The live weight can therefore sink rapidly when large 
doses of salt and little water are given, while afterward, 
on the other hand, if more water is drunk, much of it may 

be Jaid up in the tissues, and the live-weight of the animal 
be again increased. 

Influence of Water on the Protein Consumption. 

—Giving too large quantities of salt to animals is to be 
avoided for still another reason, viz.: that the animals are 

led to drink large quantities of water, if they have access 
to it. This causes an increased protein consumption, that 
is, an increased destruction of valuable fodder materials, 
especially when the larger quantity of water is not retained 
in the tissues but is rapidly removed by an increased ex- 
cretion of urine. 

Experiments by Voit on fasting animals showed an in- 
crease of the protein consumption in this way by as much 
as 25 per cent., and, according to observations by Henne- 
berg,* in Weende, on oxen, the increase of the protein 
consumption, when the amount of water was increased 

22.4 per cent., averaged 5.8 per cent. Even the last named 
increase is by no means insignificant ; it ainvunts to a third, 
or perhaps even a half of the protein which otherwise 
might have been deposited in the body. In any case, in 
order to get the most advantageous results possible, espe- 
cially in the feeding of young animals and in fattening, 
we must avoid everything which involves or leads to an 
excessive use of water; é g., too watery fodder, too high 
a temperature of the stall, too much salt, too much move- 
ment, ete. This is more especially to be observed in re- 
gard to sheep, since these animals drink voluntarily much 

eerie ar NR) rR ATT 

* ** Neue Beitruge,” ete. , 171, p 097, 
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less water in proportion to the dry matter of their fodder 
than cattle. In round numbers, the normal amount of 
water (in food and drink together) may be stated as 4 Ibs. 
per pound of dry matter of the fodder for cattle, and half 
that quantity for sheep. 

In milk-giving animals an increased consumption of 
water is less disadvantageous, and may indeed cause an 
increased inilk-production; but in this case, also, it is un- 
doubtedly advisable not to exceed a certain limit as to the 
proportion of water in the fodder. 

The Effect of Stimulants on the protein consumption 
seems to be inappreciable. The action on the nervous sys- 
tem seems to be caused by so minute a metamorphosis of 
albuminoid substance that it has no significance compared 
with the total protein consumption in the body. It is, 
however, another and as yet undecided question whether 
the increased nervous activity may not cause an increased 
consumption of fat in the body, as does muscular exer- 
tion, ¢. g. 

§ 4. Faepine wito Far or CarBaypRATES ALONE. 

Fat alone does not decrease the Protein Con- 
sumption.—This is shown plainly by the following results 
obtained by Voit * on a dog: 

Grms, | Grms. | Grms | Grms. | Grms | Grme, | Grms, 

Preaicineeerenneaniinmacenin | Renin imeretirmmerertniiien | uusuuitinaemaninstraesiitene | teeman-tinnttheemmnrenni | seme R/IAAN-Rrmvem MRAM it re Deel 

Fat per day........ 0; 100 | 200 | 300 | 800 | 840 | 850 

Flesh consumption.; 170 | 185 | 155 | 187 | 165 | 205 | 291 

We see at once that even the largest rations of fat are 
not able to stop or decrease the loss of flesh from the 

Nee nen nn ne ee nn ee etianeaen damm aacanstnniienbeaneeiamameaceaeimennal meets ret 

* Zeitschrift f. Biologie, V., 329. 
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body, but seems rather to dnerease it slightly. This latter 

effect has been observed in other experiments, and appears 

to be due to the influence of the fat in drawing into cir- 

culation the organized protein of the body. It shows it- 

self still more markedly when, along with the fat, an 

amount of albuminoids not sufficient to balance the con- 

siumption is given. 

The effect is in every case small, and this action of fat 

is far more than counterbalanced by another which shows 

itself when it is fed along with a sufficient quantity of 

protein. 
Carbhydrates alone do not decrease the Protein 

Consumption any more than does fat. The same amount 

of protein is oxidized and destroyed in the body as in the 
complete absence of food. They differ from fat, however, 
in the fact that they do not, like the former, slightly in- 
crease the protein consumption. They are simply without 
effect on it when fed exclusively. 

§ 5. FEEDING WITH PROTEIN AND Fart. 

The Protein Consumption is determined chiefly 

by the Supply of it in the Food, just as it is In feed- 

ing exclusively with albuminoids, and any increase in the 
amount of the latter causes a corresponding increase in 
the former. Thus, Voit (oc. cit.) obtained the following 
results : 

Ltr 

Grms. | Grms | Grms. | Grms. | Grms | Grms 

eermenaaaiiin se terieigeememe | yi—upeemmmanemmmsiiteet | etrrutianaalinnunnansiitnginirmien | syiueshettntiinesmmrrnmiiiilit | aneinerie tet tt weir | — trees reins RIRe 

Consumption of flesh per day ... 233 259 270 502 S78 | 1,381 
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It is evident that the protein consumption in the body 
is greater, the larger the amount of protein in the food. 
The increase, however, is not quite as great as it would 

have been without the fat ; for, other things being equal, 
Fat decreases the Protein Consumption, and there- 

fore increases the deposition! of flesh in the body. Thus is 
most plainly shown if, after the body is in equilibrinm 
with a certain quantity of albuminoids, fat be added to the 
food. The following example from Voit’s researches illus- 
trates this fact: 

Foop, 
Urea per day Flesh consump 

Date Meat, Fat Gims tion in body 

Grms Grms 

July 81...... 1,000 0 81 7 1,140 

Aug 1........ 1,000 100 74. 5 1,042 

a 1,000 800 69 8 970 

a 1,000 0 81 2 1,184 

While the animal, when fed with 1,000 grammes of 
meat, was losing daily about 140 grammes of flesh, the 
addition of 800 grammes of fat served not only to prevent 
this loss, but to cause a slight gain. 

This decrease of the protein consumption is not very 
considerable in a single day, amounting, in the dog used by 
Voit, to at most 168 grammes of flesh, or 45 grammes of 
dry protein, and varying from 1 to 15 per cent. of the total 
consumption. Its amount depends not only on the protein 
and fat of the food but also on the condition of the ani- 
mal. The greater the amount of circulatory protein in 
the body, and the less fat it contains, the more of the pio- 
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tein of the food is converted into circulatory protein and 
consumed. 

The Decrease of the Protein Consumption is no 

greater with a large than with a small Ration of 

Albuminoids, if the quantity of fat remains the same. 
This, indeed, follows from the statements of the first 
paragraph. An increase of the albuminoids of the food 
causes more circulatory protein to be formed, and, as a 
consequence, increases the consumption; and while the 
latter is less than it would be without the fat, the difference 

is not notably, if at all, greater than with the smaller 
amount of albuminoids. 

The addition of the fat simply makes the consumption 
of protein less than tt would be without i under the same 
circumstances ; but this comparatively small decrease may 
sometimes make all the difference between a continual loss 
of flesh from the body and a state of equilibrium, or even 
a gain of flesh, and thus may be a most important factor 
in feeding, as illustrated in the experiments in the previous 
paragraph. 
A dog weighing 35 hilogrammes (77 Ibs.), when fed ex- 

clusively on pure meat, needs about 1,500 grammes daily 
in order to remain in good condition and in equilibrium 
as regards nitrogen. If, instead of this, he receives only 
500 grammes, he loses, for a number of days, about 150 
grammes daily of his own flesh; and if, after a considera- 
ble time, he comes into equilibrium with the smaller 
ration, he is wasted away and in wretched condition. But 
if, along with the 500 grammes of meat, about 200 
grammes of fat be given, this loss of flesh is speedily 
checked, and when the protein consumption has come 
into equilibrium with the supply the animal remains in a 
sound and well-nourished condition. The addition of 200 
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grammes of fat so decreases the protein consumption, which 
was before greater than the supply, causing the animal to 
lose flesh constantly, that it is now equal to the latter, or 
perhaps, in some cases, less, so that a gain of flesh results. 
That is, we can keep the same amount of flesh on such an 
animal by feeding 500 grammes of meat and 200 grammes 
of fat, as by feeding 1,500 grammes of pure meat. In 
the former case, although the supply of protein is much 
less, the consumption of it in the body is correspondingly 
less; and though the animal may be less lively and ener- 
getic in its motions on this account, it may still be main- 
tained in good condition for any length of time on such a 
ration without the least injury to its health. 

That the protein consumption, as above stated, is less than 
when 1,500 grammes of meat are fed is due, in great part, 
to the decreased supply of albuminoids, the effect of this 
being the same as when only albuminoids are fed, as was ex- 
plained and illustrated in the first paragraph of this section. 

The effect of the addition of the fat is simply to de- 
crease the consumption a little more; but this little carries 
it past the point of equilibrium, and so prevents the con- 
tinual loss of flesh which takes place without it. The 
animal may even gain flesh on such a ration. In this 
case, therefore, the addition of 200 grainmes of fat has 
saved 1,000 grammes of meat, as compared with a purely 
flesh diet. We are not, however, to understand that if to 
the large ration of 1,500 grammes of meat we add 200 
grammes of fat, the daily flesh consumption will sink at 
once to 500 grammes or less, and that 1,000 grammes 
of flesh will be formed in the body. The protein con- 
sumption, as already insisted on, is dependent in the first 
place on the supply of albuminoids in the food, and an in- 
erease of the latter correspondingly increases the former ; 
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so that, while a large quantity of protein would be daily 
consumed in the body with the large ration of albumin- 
oids, the gain of flesh would be no greater, and might be 
even less, than with the smaller ration. 

Fat may cause a long-continued Gain of Flesh.— 

We have seen that any gain of flesh caused by an increase 
of the albuminoids of the food continues but a short time. 
The additional albuminoids increase chiefly the amount of 
circulatory protein in the body and consequently the pro- 
tein consumption, and equilibrium between the food and 
the body is speedily established. 

If, however, the gain of flesh is caused by the addition 
of fat to the food, the case is different. 

The fat seems to favor the formation of tissue, 2.¢., of 
the more stable organized protein, which is less easily oxi- 
dized, and consequently, as is found by experiment, the 
gain of flesh caused in this way may continue for a com- 
paratively long time, so that although the saving of protein 
effected by the fat may not be great in a single day, the 
total result is very considerable. It has been already 
shown (p. 183) that the fat deposited in the body has the 
same effect in this respect as that of the food. 

The Gain of Flesh continues much longer on a me- 

dium than on a large Ration of Albuminoids.—The 

following experiments (see page 142) illustrate this. 
The total gain up to the beginning of nitrogen equili- 

brinm is seen to be in general no greater, and often less, 
with a large than with a medium ration of albuminoids. 
In details exceptions are to be expected, since the experi- 
ments were not all made consecutively, and since not only 
the supply of food but the bodily condition has much to 
do with the gain of flesh. 

In order, then, to obtain as great and long-continued a 
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i cstaneaammamaneanen a 

Foon. 
Length of Experi- Total gain | Gain per Whether 

ment OF flush, day nitrogen 
Days. Fat Meat. Grmp. Grins, equilibrium, 

Gimys, Gums, 

5 250 500 1,794 56 Not yet. 

0 200 800 820 80 * 

5 rn 250 1,000 375 125 Nealy. 

5 rn 200 1,250 294 98 ee 

2 re 250 1,500 476 119 ee 

10. .........- os 150 1,500 104 10 Quite. 

QB. ca ceeecaaee 30-150 | 1,500 889 88 Nearly. 

, 250 1,800 854. 122 Quite. 

Be ceeernvncees 200 2,000 802 117 Nearly. 

deposition of flesh in the body of a dog, ¢.9., as possible, 
we should not feed large quantities of meat with fat. 
The absolute quantity of albuminoids in the food does 
not determine the gain, but only the protein consumption. 
Neither is it the absolute quantity of fat that determines 
the gain, but the relation between the two, together with 
the bodily condition. 

This being the case, we should first endeavor to ascer- 
tain what ratio of albuminoids to fat gave the best results, 
and then, having compounded a ration in accordance with 
this, should endeavor to induce the animal to eat as much 

as possible of it. Two extremes onght to be equally 
avoided ; too much albuminoids would cause an unneces- 

sary protein consumption in the body, while if the ration 
contained an excess of fat, it might be impossible for the 
animal to eat enough of it to supply himself with the 
necessary amount of protein. 
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In the fodder of the herbivora the action of fat in de- 
creasing the protein consumption does not show itself so 
plainly, its action being masked by the presence of large 
quantities of carbhy drates, which, as we shall see, have an 
effect similar to that of fat. 

Moreover, the amount of fat in the fodder of the ruini- 

nants cannot safely exceed a certain easily-reached limit. 
Small quantities of fat exert in general a favorable influ- 
ence; larger quantities, however, are often very injurious, 

causing disturbance of the digestion and an increasing lack 
of appetite. The different modifications of fat, however, 
behave very differently in this respect, and the fat of the 
food certainly deserves attention, especially in the feeding 
of young animals and in fattening, and likewise in case of 
horses, and in general whenever the fodder is rich in al- 
buminoids. 

§6. Faxmpine wita PRorem snp CaRBHYDRATES, 

The Carbhydrates act analogously to Fat on the 

consumption of protein and its deposition in the body. 
Like it, they do not suspend the protein consumption, 
which increases or decreases with the amount of protein 
in the food; like it, they decrease the protein con- 
sumption somewhat, but not greatly; like it, too, they 
enable an animal to subsist or even gain flesh on a much 
smaller quantity of albuminoids in its food than would 
suffice were the ration composed of pure protein. 

The action of the carbhydrates on the formation of flesh 
has been investigated both in carnivorous and herbivorous 
animals. 

In the previous sections we have been oceupied exclu- 
sively with experiments on carnivora, for the reason that 
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it is practically impossible to feed herbivorous animals on 
pure protein or protein and fat; but the general principles 
deduced from the experiments on carnivora are applicable 
also to herbivorous animals. In the present section we 
shall give special prominence to experiments on domestic 
herbivorous animals, and shall take occasion to point out, 
in passing, some confirmations of the results obtained on 
carnivora by Voit and others. 

The ordinary fodder of herbivorous animals, leaving out 
of consideration, for the present, water and mineral matters, 
consists essentially of protein and carbhydrates with small 
quantities of fat. ; 

A. large number of experiments on these animals have 
been made. As of especial importance for our present 
purpose may be mentioned those of Grouven,* at Salz- 
munde, and of Ilenneberg & Stohmann,t at Weende, on 

oxen; those of G. Kuhn & M. Fleischer,t at Mockern, 
on milk cows; and those of E. Schulze & M. Marcker, § in 
Weende, on sheep. 

Of these, the Weende experiments on oxen in particular 
are of the highest value, both for our present purpose and 
many others, having been executed in the most careful 
and thoroughly scientific manner. 

The Protein Consumption is Determined by the 

Supply in the Food,—The following experiments on 
oxen by Henneberg & Stohmann (doe. cet.), in which the 
amount of protein in the food varies while that of the 
non-nitrogenous nutrients remains essentially the same, 

* Zweiter Salzmiinde Bericht, 1864. 
+ “ Beitrage zur Begrundung einer Rationellen Futterung der Wie- 

derkduer,”’ 1864, and ‘‘ Neue Beitrage,’’ etc., 1871. 
} Landw. Versuchs-Stationen, XII , 197 and 450. 

§ Journal fiir Landwirthschaft, 1870 and 1871. 
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illustrate this fact, which is shown also in all the other 
experiments cited. 

The non-nitrogenous matter of the food here includes 
the fat reduced to its equivalent of starch (p. 157); the 
numbers in the last three columns express dry protein 
(nitrogen x 6.25) and not fresh flesh. 

Non nitroge- . 

No of Experment, | 20US matter di- a tate a commernpten, Gain of Protan. 
gested L Lbs Lbs 
Lbs. * . 

1860-1861. 

17 10.23 1.50 1.00 0.50 

18 10.10 2.06 1.43 0.63 

25 14.60 2.50 2.12 0.38 

26 14.49 | 3.37 2.75 0.62 

21 14.08 2.19 1.13 1.06 

20 13.73 3.00 1.81 1.19 

1865. 

Av. of 5 & 6. 11.60 0.84 0.86 — 0.02 

Av. of 4,7 & 8. 11.95 2.52 1.99 0 53 

These results show plainly that the addition of more 
protein to a fodder causes chiefly an increase in the circu- 
latory protein of the body, and to a far less degree a gain 
of flesh, and fully confirm the conclusions drawn from sim- 
ilar experiments on dogs. At the same time it is obyious 
that in these experiments there was a greater tendency to- 
ward the laying on of flesh than was the case in those on 
carnivora; a larger proportion of the total protein of the 

* German pounds, 1 lb. German = 1.1 Ib. av. 
V* 
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ration and of the added protein went to form organized 
protein. 

Some experiments on goats by Stohmann,* which strilk- 
ingly illustrate the influence of the supply on the protein 
consumption, may also be mentioned. The following table 
contains all the essential data: 

het alia enmhatmemmerey MIRO 

FODDER PER Day, Protein 

Grms qo Grae Grms, rms. 

1. | May 238-29..) 1,500 100 111.6 66.6 1.9 

2. | June 6-12...) 1,450 150 125.0 79.4 9.0 

3. s 20-26..| 1,400 200 182.2 90.6 11.1 

4, | July 4-10...} 1,850 250 150.9 90, 1, 23.4 

5B. ** 25-81..; 1,250 350 170.5 101.6 18 8 

6. | Aug. 8-14..; 1,100 500 193.8 117.9 27.4 

Ti S© 22-28,. 950 630 221.4 143.1 30.6 

8. | Sept. 5-11.. 800 800 257.2 173.7 27,4 

9.; ‘* 19-25..| 1,600a. 0 92.9 56 3 —4,4 

10. | Oct. 3-9....) 1,6000. 0 74.1 41.9 6.4 

Nothing could be more evident than the dependence of 
the protein consumption on the supply in these experi- 
ments. 

We have seen that in a fasting dog the protein con- 
sumption is at once increased by even the smallest ration 
of meat. Some experiments by Grouven (doc. cit.) seem 

* “* Biologische Studien,’’ Heft 1, p. 121. 
+ Exclusive of the protein contained in the milk, which varied but 

slightly. 
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to indicate that the effect on the herbivora may be differ- 

ent. 

He observed that in full-grown oxen the protein con- 
sumption was decidedly less on a ration of rye-straw than 
during hunger, and that the addition of pure non-nitroge- 
nous nutrients to the straw decreased it still more. 

Ox No. L 

Live Nitrogen | Consump- Loss 
Fodder per day. weight. digested, taonof flesh.; of flesh. 

Lbs. Grms. Grmbs. Grins, 

OL. .ceeecaee ee eeeueceees 1,019 a 950 625 

8.7 Ibs. straw. ........... os 959 5.2 ATS 326 

6.6 “ + 2.2 lbs. sugar. 990 3.2 250 176 

6.5 “e +38.3 968 4.6 230 110 

Ox No. IT. 

Ov ccccscccaccecececauces 791 .... | 1,109 | 640 

6.6 Ibs. straw... 2... cee eee 777 5.5 360 218 

5.3 “s +2.2 lbs. sugar. 799 2.7 250 191 

5.3 “ +3.3 * 781 3.0 395 320 

Ox No. TIL. 

Oe. eee cece cece eeaes | 1,150 wens 1,427 | 1,525 

9.2 Ibs. straw....... ee eeeee 1,155 0.5 U7 vy 

sehr man hennnneta 

The accuracy of these results is impaired by the facts 
that between the experimental periods the animals re- 
ceived an abundant but not uniform fodder, and that the 
preliminary feeding was in each case so short (3 to 6 days) 
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as to render it doubtful whether the effect of the new fod- 
der was fully established. 

Furthermore, the dung often contained almost as much, 
and sometimes even more nitrogen than the fodder, show- 
ing that the former contained considerable quantities of 
nitrogenous matters coming from the body. The result 
of this, of course, is that the numbers for digested pro- 
tein and for the consumption of flesh are too low; those 
for the loss of flesh (nitrogen of fodder less that of dung 
and urine), however, are unaffected by this source of error. 

If we are to accept this result of Grouven’s as correct, 
we must ascribe it to the large quantities of non-nitrogen- 
ous matter which were digested along with the small 
amount of protein, and which would tend to diminish the 
protein consumption. This action of the carbhydrates is 
seen also in most of the experiments in which these sub- 
stances were added to the straw. 

Of somewhat the same nature as Grouven’s results are 
those which show that addition of protein to a fodder poor 
in this substance may cause a considerable gain of flesh. 

The experiments by G. Kithn & M. Fleischer (doc. czz.), 

on cows, serve to illustrate this. Two cows were fed dur- 

ing a first period with hay, either alone or with the addi- 
tion of starch, and in a second period a nitrogenous bye- 

fodder was added. The hay used contained an unusually 

small quantity of protein (Nutr. ratio, 1:12), and a com- 
paratively small amount of it was consumed, so that the 
food in the first period was far from rich. Even the addi- 

tion of the nitrogenous bye-fodder in the second period 

did not make it particularly so, but it nevertheless caused 

a considerable gain of flesh, which continued"for some 

time. 
The experiments covered, including the preliminary 
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feeding, from twenty-two to twenty-four days, and the 

yain in the last six days was fully equal to that at the be- 

ginning. The table shows the results obtained during the 

experiment proper (exclusive of the preliminary feeding), 

and also the protein consumption and the gain of protein 

for the last five days of the feeding with nitrogenous bye- 

fodder. 
Cow No. I. 

erstnmaenamerunmcnsnenesntinetisttnnen At enesatt tte eee ENTE eth CTL LN AN ECE TT LAC LLL NOL 

STED PER DAY. DIGE AY Protein cain 

Nutr, ,COMSUMD | of prot 1n 
Date. Fodder, p Carbhy- | ratio 1: ton per day 

rotein. | Grates per Gay. | “@rms 
Grms. . Grms, , 

Grmas. 

Deo. 26—Jan. 6....) Hay... eseee wees 393 4,£00 12 2 187 —5 9 

9 2 
Jap. W-Feb. | utey and rape-cake) 680 | 498 | 7.3 | 43a5 | Tit K 

Cow No. IT. 

Feb. 16-Mar. 3..../Hay and starch...; 3804 5,550 141 156 + 40.0 

Mar oer f+ s+-[Hay and beans...) 728 | 5,51 | 7.6 | 4535 | Tier g 

The addition of protein to a ration poor in this sub- 
stance caused a considerable gain of flesh by the animals. 
At the same time, it did not fail to affect the protein con- 
sumption, approximately doubling it in each case. We 
conclude, then, that in the case of the herbivora protein 
added to a ration does not pass so promptly and com- 
pletely into circulatory protein as it does in the carnivora, 
but may cause a considerable gain of flesh. This inclina- 
tion toward the formation of organized rather than ciren- 
latory protein seems to be a characteristic of the herbivora, 
perhaps due in part to the large amounts of non-nitrogen- 
ous food which they consume and in part to the consider- 
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able quantities of fat usually laid up in their bodies, and 
is a circumstance favorable to economy in feeding. 

But though increasing the proportion of protem in a 
ration may cause a gain of flesh, the experiments by Stoh- 
mann, already cited, show that when the food is already 
rich in this substance the gain is much smaller and is 
accompanied by a greatly increased protem consump- 
tion. 

Carbhydrates decrease the Protein Consumption. 

—The following experiments by Voit * on a dog show that 

Date of Experiment. 
Meat 
Gims 

June 23-July 2, 1859........ 500 

July 2-5, 1859... 0... . 00000. 500 

July 4-10, 1864..... see e ee 800 

10-19, “ wo... lee eee, 800 

19-90, cece eee 800 

July 23-26, 1864............ 1,000 

‘6 26-28, “Lo. ecaee cae 17000 

‘¢ 28-Aug. 1, 1864........ 1,000 

June 29-July 8,1863....... 1,500 

July 8- “ 18, 8 ....... 1,500 

Jan. 6,1859...... cece enna 2,000 

6 7-11, 1859.. se eee 2,000 

* Zeitschrift f. Biologie, V., 434. 

Foon. 

Tete 2 |] E 
sn] |S 

Sie 
Pes 

Cat bhydrates 
Grms, 

300-100 

0 

0 

100-400 

0 

0 

100-400 

200 

200-300 

Flesh 
consumption. 

Grms. 

502 

564 

826 

763 

895 

1,028 

902 

1,112 

1,599 

1,454 

1,991 

1,792 
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the carbhydrates exert the same influence on the protein 
consumption as does fat, viz.: render it less than it other- 
wise would be. 

In almost every case the effect of the addition of carb- 
hydrates was not only to decrease the protein consumption 
but to render it less than: the supply, and thus to cause a 
gain of flesh instead of the loss which had been taking 
place. 

The action of the carbhydrates in decreasing the protein 
consumption is also to be seen in experiments on herbivora, 
though in these it is seldom so sharply expressed as 
in the results just given, because these animals, in any 
case, receive large amounts of carbhydrates and the 
effect of a further addition is therefore comparatively 
small. 

Grouven’s experiments show plainly the decrease of 
the protein consumption caused by the addition of sugar, 
even to straw fodder, which of itself contains much carb- 

hydrates and little protein. 
Some of Henneberg & Stohmann’s experiments in 1865 

also show this action of the carbhydrates. The quantities 
are per day and head. 

a. FoppER RicH IN PROTEIN. 

Carbhy- , 
Protein 

Protem drates Gain of Nutritive | consump- . 
digested and fat ratio. tion, protein, 
Pounds. | digested. Pounde Pounds, 

| Pounds 

Ox Il. Experiment 7...) 2.60 10.95 |» 1:42 2.14 0 46 

“¢ “é 8.. | 2.51 12.51 | 1: 5.0 1.83 0.68 
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6. FODDER POOR IN PROTEIN. 

Carbhy- 

Pounds, ounds, 

Ox JI. Experiment 2...) 0.82 7.22 }1: 88! 0.88 —0.01 

be ae 1...| 0.78 9.99 |1:12.8)| 0.78 0.00 

Ox IE.- “ 5...) 0.89 11.08 | 1:124) 0.97 | —0.08 

ae ee 6...; 0.78 1212 | 1:15.6| 0.74 +0.04 

Were, again, an increase of the carbhydrates, though 
accompanied by a slight decrease of the protein, changed 
a loss of flesh into a gain, as well as diminished the pro- 
tein consumption. 

Further confirmation of this effect of the carbhydrates is 
found in the frequently observed fact that in the great 
majority of cases where the supply of albuminoids is suf- 
ficient to cause any production of flesh, the greatest relative 
gain is produced by rations having a wide nutritive ratio, 
that is, a large proportion of carbhydrates to albumin- 
oids. 

This fact is well shown by the following selection from 
the experiments of Schulze and Marcker (doe. cat.) on sheep, 
which are arranged according to the nutritive ratio. They 
were not all made on the same animal, nor at the same time, 
and are only comparable in a general way ; but, being toler- 
ably numerous, they are sufficient to illustrate our present 
point. The results are per day and head. The protein in 
the daily growth of wool, amounting to about five grammes 
is not included in the gain of protein. 
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aan 

No. of Experiment. hacia, Nutritive concent a, hice oo ene 
Grammes. . Grammes. | Grammes. | digested. 

Experiment 6.... 30.6 1: 17.4 24.3 1.4 4.6 

Experiment12.... 67.9 1: 9.4 54.8 8.0 11.8 

“* B.... 59.5 1:8.9 45.9 9.0 15.1 

“ 11.... 68.1 1: 8.6 56.2 6.8 10.0 

“t Qes 59.7 | 1:8.6 49.1 5.5 92 

ee 10 72.5 1:8.1 54 7 12.7 17.5 

“6 8 85.8 | 1: 7.7 63.6 17.3 20.1 

AVOLAZE occ elec cece e cele ce nee ee nlewoer cee otereess 14 O- 

Experiment 7.. 116.8 1:4.9 96.0 15.9 13 7 

“ 9....; 156.6 | 1:37 142.5 9.0 5.8 

17... 248.3 | 1:2.2 237.6 6.1 2.5 

AVOLAGE. cele c eee ele ce were cele ence cesleesceeees 7.3 
ee meta a. 

The very wide nutritive ratio of Experiment 6 caused 
only a very small gain, because the absolute amount of 
protein was very small, but that any gain at all was made 
is doubtless due to the decrease of the protein consump- 
tion by the large amount of carbhydrates. 

The other experiments show in general that a larger 
proportion of the protein of the food is applied to the pro- 
duction of flesh when the food has a medium nutritive 
ratio than when it has a very narrow one. In detail, ex- 
ceptions are to be expected, since, as above stated, the 
experiments were not all made at the same time and the 
bodily condition has much to do with the effect of a ration. 

Stohmann’s experiments on goats, already described 
(p. 146), also illustrate the advantage of a medium nutri- 
tive ratio, as the following table shows : 
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Protein. Gain of Gain in 
ested Nutritive protcm per cent 

per day ratio per day of digested 
Grms Grms protein 

| 111 6 1:5 87 1.9 1 8 

Qecccccnsccccceesscesvecue 1250 | 1:5 42 90 73 

cr 182 2 1:608;) 111 8 3 

ran 1509 |1:4 78 | 284 15 9 

Dic cecccccccccccuesccusece 170 5 1.422) 1838 10 5 

Oca c cece cece ecu cewcens 198 8 | 1:8 2% | 27 4 14 3 

Y 221 4 | 1.2 84! 3806 14 0 

re 257 2 1:2 55 Qt 4 10 9 

The relative gain of protein increased up to a nutritive 
ratio of 1: 4.78, and then decreased. 

These and many other experiments which might be ad- 
duced show that a larger proportion of the digestible pro- 
tein of a ration is applied to productive purposes when 
that ration also contains abundance of non-nitrogenous 
nutrients. 
We must beware, however, of hastily concluding that 

a wide nutritive ratio is the most profitable for the pro- 
duction of flesh. The amount of fodder which an animal 
can consume is limited, and, if the nutritive ratio be made 
very wide, the absolute amount of protein in the quantity 
of food daily eaten will be insufficient to supply material 
for production. 

Moreover, the actual number of pounds of flesh gained 
per day is often greater on a ration pretty rich in albumi- 
noids, as, for example, in the experiments on sheep and goats 

just cited, though, of course, accompanied by a large protein 
consumption in the body. The best pecuniary results may, 
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under some circumstances, be reached by a ration having a 
rather narrow nuttitive ratio and producing a rapid gain 
of flesh, even at the expense of an increased protein con- 
sumption; while, under other circumstances, a wider 
nutritive ratio and a slower and more economical produc- 
tion might be more remunerative. Extremes in either 
direction, however, are likely to be unprofitable. 

Carbhydrates may cause a long-continued Gain of 

Flesh.—We saw in the previous section that a fodder of 
protein and fat could, under proper conditions, cause a 
long-continued gain of flesh, while the gain caused by an 
increase of the protein of the food was usually only tem- 
porary. The same fact is true of feeding with protein 
and carbhydrates. 

It is to be remembered, however, that the fodder of our 
domestic animals always contains considerable quantities 
of carbhydrates, and that, consequently, the effects of a 
change from one method of feeding to another are not so 
sharply manifested asin the carnivora. To this is to be 
added that the digestive process lasts a considerable time 
in the herbivora, so that remnants of the old fodder may 
be resorbed along with the first portions of the new, and 
thus the change of fudder be made in reality a gradual one. 

In general the gain of flesh produced by a ration con- 
taining much carbhydrates continues for a considerable 
length of time, while that caused by a ration poor in these 
substances but rich in protein, although it may be greater 
at first, does not continue as long. 

For example, in the experiments of Kuhn & Fleischer 
on cows (p. 140) the addition of protein to a ration con- 
taining much carbhydrates caused a gain of flesh which 
continued with but little decrease throughout the experi- 
ment and would doubtless have lasted some time longer, a 
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result evidently due to the abundance of non-nitrogenous 
nutrients and their influence in decreasing the protein 
consumption. 

The experiments of Schulze & Marcker (p. 153), on the 
other hand, furnish a good example of the opposite effect. 
In Experiment 6 the fodder consisted of hay and starch ; 
in Experiment 7, of hay and beans. The quantities of 
digested nutrients per day and head ‘were: 

Carbhy- Protein. Nutrit youin | Gratea, | Nutetve 

Experiment 6........0.6 eect eeeaces 30.6 626.7 | 1: 17.4 

‘ (ee 116.8 5705 | 1: 4.9 

Both experiments were on the same two sheep, and the 
results given are the average of those obtained from both 
animals. The following table shows the protein consump- 
tion and the gain of protein by the body for the last day 
of the hay and starch fodder, and also for several days on 
the new ration : 

Protein Gain of 
consumption.| protem.* 

Grms. Grms. 

April Qo. cece cece eee c wens be eed en eee ees ewes 22.6 8.0 

“8 (mew fodder).............. bs cee ecees -| 48.8 63.0 

a chew ceeeccces 76.8 85 .0 

i 3 Sr eve cetensscesces 87.6 24,2 

| 88.0 23.8 

a 89.8 22.0 

a 92 8 19.0 

2 Cece ee eee veee| 1028 9.5 

ty ge a 
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Here the change from a poor ration to one rich in pro- 
tein caused at first a very decided gain of flesh, but one 
that rapidly decreased, sinking to about a third of its 
original amount in less than a week and nearly disappear- 
ing in nineteen days. 

The contrast between this result and that obtained by 
Kihn & Fleischer is exceedingly instructive, and shows 
anew the importance of a proper proportion of carbhy- 
drates and fat in the food for the economical production 
of flesh. 
Carbhydrates equivalent to Fat.—It is an impor- 

tant fact for the theory of feeding that the decrease in the 
protein consumption caused by a given quantity of a carbhy- 
drate is at least equal to, and generally a little greater than 
that caused by an equal weight of fat. 

Formerly, when all the non-nitrogenous substances of 
the food were supposed to be chiefly valuable as fuel to 
maintain the vital heat of the body, the relative value of 
fat and the carbhydrates was naturally measured by the 
amount of heat which equal weights of the two produced 
when burned; and it being calculated that one pound of 
fat produced about 2.5 times as much heat as one pound 
of sugar or starch, it was assumed that the fat of the food 
was 2.5 times as valuable as the carbhydrates, and their 
so-called respiration equivalents were respectively 2.5 and 
1. So far as they serve for the production of heat, these 
numbers may represent their relative value, but, as we 
have seen, they have other important functions; they 
not only favor the formation of flesh, but also, as we 
shall learn, of fat. For the former purpose they are 
fully equal, weight for weight, to fat, and for the latter 
much more nearly so than is shown by their respiration 
equivalents. 
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The importance of this in the feeding of domestic ani- 
mals ig evident. Fodders containing much fat are com- 
paratively costly, and not only that, but are difficult of 
digestion by herbivorous animals, and an undue amount of 
them is liable to produce injurious effects. On the other 
hand, the carbhydrates are cheap, are contained in large 
proportions in all the common fodders, and are readily 
consumed and digested by the herbivora. 

These substances in the food of the herbivora effect 
what the fat does in that of the carnivora: they decrease 
the protein consumption, and enable the animal to subsist 
on a much smaller quantity of the costly albuminoids than 
would otherwise be necessary. It is owing chiefly to the 
large quantities of them consumed by our domestic animals 
that they need comparatively little protein when fed for 
maintenance, and that when fed for production a part of 
the digested protein is readily deposited in the body as 
organized protein. 

§ 7. NurritiveE VALUE oF AMIDES. 

We saw in Chapter II. that a part of the nitrogenous 
matter of many feeding-stuffs is not true protein, but con- 
sists of various bodies, most of which appear to belong to 
the so-called amide compounds. It becomes, therefore, im- 
portant to consider the nutritive value of these substances, 
and all the more important because, until very recently, they 
have not been considered, or even recognized, in the analysis 
of feeding-stuffs, and since in many feeding esperiments, 
froin whose results important conclusions have been drawn 
as to the amounts of the various nutrients required in the 
food of farm animals, feeding-stuffs have been used which 
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have since been shown to contain not inconsiderable 

amounts of these bodies. 
If, as some writers have assumed, they have no nutri- 

tive value, we must conclude that our domestic animals 
require considerably less true protein in their food than 
has been hitherto thought, while if they have a value in 
feeding, it is important to know what it is. We shall con- 
fine our attention here to the amides, since these are the 
only non-albuminoid nitrogenous matters which have been 
experimented on, and the only ones which have yet been 
found abundantly in the common feeding-stuffs. 

It may safely be assumed that these comparatively sim- 
ple bodies cannot perform all the functions of the albumin- 
oids, but 16 would seem that certain authors have allowed 
themselves to be carried too far by purely speculative con- 
siderations when they have pronounced them valueless for 
animal nutrition. 
Amides are Decomposed in the Body.—It has been 

shown by several investigators that amides introduced into 
the stomach are resorbed, and take part in the chemical 
changes m the body. Schultzen & Nencki* appear to 
have been the first to e\periment in this direction. They 
fed a dog, weighing about 16 Ibs., with a fised amount of 
bread, milk, and water until equilibrium was established 
between the supply and excretion of nitrogen, and then 
added to the food various amides. They experimented on 
acetamide, glycocol, leucin, and tyrosin, and found that all 
except the first produced a decided increase in the excretion 
of urea. Acetamide appeared to pass through the system 
unaltered. 

With glycocol the following results were obtained : 
eae amare scdeeesdinichahemanatiatanammeimmmmme tes nem aamaeaaeal 

* Zeitschrift fur Biologie, VIII , 124 
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Date. Food. Urea per day 

September 24....... see teeee Bread, milk, and water. 3.960 

ee QD. cee ennensuecs Same --15 grms. glycocol. 3.'768 

“é 1 “ ‘s * 7.187 

“6 7 eae eeeeas Bread, milk, and water. 9.470 

“ Ls se s sé 3 810 

“ i ‘6 “ “ 3.780 

The feeding of glycocol on the 25th and 26th caused 
a marked increase in the excretion of urea on the 26th 
and 27th, showing beyond a doubt that glycocol is con- 
verted into urea. No glycocol was found in the urine. 

The average excretion of urea on the days preceding the 
glycocol feeding was 3.8255 grammes per day. 

Total urea on 26th and 27th........ 16.657 orms. 
Urea of two average days .......... 7657 * 

Excess caused by 30 grms. glycocol. 9000 “ 

Urea equivalent to ‘‘ °° ‘ 11.970 ‘* 

Difference. .....eseceeese 2970 ‘* ==24 8 per cent. 

It will be seen that nearly 25 per cent. of the glycocol 
fed is unaccounted for. The authors state that the glyco- 
col was not absolutely dry and pure, but it is difficult to 
imagine that so large an error could be thus caused. 

It seems more reasonable to suppose that under the in- 
fluence of the glycocol a gain of flesh took place, and this 
supposition is perhaps supported by the fact that the in- 
crease in the excretion of urea does not appear till the sec- 
ond day. It would seem as if a gain of flesh took place at 
first, and that subsequently the protein consumption in- 
creased, to fall again when the glycocol was withdrawn. 
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Such experiments as this, however, are not adapted, as 

they were not intended, to show the nutritive effect of the 

substance experimented on. 

We have seen that in the dog the addition of protein to 

the previous food causes but a temporary gain of flesh, 

while the “ protein consumption” is permanently increased, 

and we should expect that, if amides aided in any way the 

production of flesh, the effect of a sudden addition of them 

to the food would be much the same. In an experiment 

continued for so short a time as this was, the nutritive effect 

must of necessity be transitory and hard to isolate. At the 

same time, the above results do not negative the belief that 

amides are of value as food. 
The experiment with leucin gave essentially the same 

results as the one on glycocol. The leucin was prepared 
from horn, and was not perfectly pure or dry. 

Date. | Food. Urea per day 

October 4... 6... cece cance wee | Bread, milk, and water. 4.979 

ne Same, + 10 grms. leucin. 5.045 

a ee | ce 64 80 “ 6 660 

re Bread, milk, and water. 9 098 

a: se ve 4 380 

a wt eee een ens cl“ “6 “ 3 93 

The average excretion of urea for the days preceding 
the feeding with leucin was 4.585 grammes per day. 

Total urea on 6th and Tth...... eee eee 15.758 grammes 

Urea of two average days .......-...0000- 9.170 *s 

Excess caused by 40 grammes leucin..... "6.588 “6 
Uiea equivalent to * “6 CO dene 9.000 “6 

Difference (=26 8 per cent )........ 2.412 “ 
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An experiment on tyrosin showed that a part of this sub- 
stance was converted into urea, but that a considerable por- 
tion escaped digestion. 

Similar experiments by v. Knieriem* on asparaginiec 
acid and asparagin, gave similar results. They showed 
that these bodies are converted into urea in the animal 
body, and gave also a deficit of nitrogen, though a smaller 
one, amounting to 9 to 10 per cent. of the amide nitrogen 
fed. Further experiments by the same author ¢ on hens, 
with asparagin, asparaginic acid, glycocol, and leucin, gave 
also the same result, though with a still smaller deficit of 
nitrogen. In no case, however, was the excretion in ex- 

cess of the supply in the food. 
Indications of Nutritive Value.—All these results, 

while highly interesting, leave the question of the nutri- 

tive value of amides still in doubt. ‘There are many facts, 
however, which indicate that they may have a certain value 
as food. The very fact that they are decomposed in the 
body is one. Another is, that they are formed from the 
albuminoids of the food, to a considerable extent, by the 
action of the trypsin of the pancreatic juice in digestion. 
It seems hardly probable that the amides thus formed are 
to be regarded as waste products. Moreover, we have seen 
that in the plant these bodies may serve as sources of pro- 
tein, and while such synthetic processes are particularly 
characteristic of vegetable life, they are by no means ex- 
cluded in the animal organism. 

That, under certain circumstances, an amide may have a 
high nutritive value, has been strikingly shown by Iler- 
mann. It had been shown by Voit and others that gela- 
tin and similar bodies, belonging to the gelatigenous group 

—_— od - 

* Zeitachrift fur Biologie, X., 279. 
t+ Ibid , XIII, 36. 
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cf compounds (p. 18), are capable of performing the func- 

tions of circulatury protein, but cannot serve as a source of 

organized protein. 

It was known also that when these bodies were decom- 

posed by acids they yielded essentially the same products 

as the albuminoids, except that the amide tyrosin was al- 

ways lacking. Escher,* under Hermann’s direction, tried 

the experiment of feeding a dog with gelatin and tyrosin, 

and found that the two together could sustain life and 

cause a production of flesh. 

The very probable conjecture has been advanced, that 

amides in the food may play the same part that gelatin 

has been shown to do by Voit, viz., take the place of a por- 

tion of the circulatory protein, thus leaving the latter avail- 

able for the formation of flesh or for other productive pur- 

poses, and this view seems to be sustained by the experi- 

ments about to be described. 
Asparagin a Nutrient.—The only experiments as 

yet executed with the direct purpose of determining the 
food-value of amides are those of Weiske, Schrodt, and v. 

Dangel,t at the Proskau Experiment Station, on aspara- 
gin. A series of experiments on rabbits and another on 
hens having shown only that albuminoids could not be 
entirely replaced by asparagin, but giving in other respects 
indecisive results, a third series was made on two merino- 

southdown sheep. The plan of the investigation was as 
follows: The animals were fed at first with a fodder poor 
in protein (consisting of hay, starch, and sugar) until the 
excretion of nitrogen in the urine became constant, and the 
gain of flesh on this ration was determined. Then, in three 
following periods, the amount of nitrogen in the daily ration 

* Vierteljahrsschrift der naturf Ges. in Zurich, XXI,, 36. 
t Zeitschrift fir Biologie, KV , 261. 
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was doubled by the addition respectively of protein (in the 

form of peas), gelatin, and asparagin, while the amount of 
non-nitrogeneus nutrients remained practically the same. 
These additions to the original fodder were made in the 
opposite order in the two cases, in order that the nutritive 
effect of the asparagin in each sheep might be compared 
with that of protein in the other, and the influence of in- 
dividual peculiaities be thus eliminated. 
The preliminary feeding was continued in each period 

until the excretion of nitrogen became constant, and the 
escrements then collected for five days and analyzed. In 
the statement of the results which follows, the average per 
day and head of these five days is given. 

PERIOD I 

Ration SheepI and II, 500 grms hay, 200 grms starch, 50 grms. 
sugar. 

Protem Carbhydrates Fat Nitrogen im. Gain of 
digested digested digested urine protein, 
Grms Grms Grms Gims Grnis. 

Sheep I. 22.21 412 37 9 89 8 275 1 744 

«I 22 86 412 71 9 67 8 388 0 094 

PgERtop II. 

Ration’ Sheep I, 500 grms hay, 200 grms starch, 50 grms sugar, 4? 

grms asparagin, Sheep II, 500 grms. hay, 80 grms starch, 20 

grms. sugar, 250 grms peas, 

Protein * Carbhydrates Fat Nitrogen in Gain of 
digested digested digested urine protein. 
Grms Grms Qrms Grms Grms 

Sheep I,.} 70 86 411 25 9 87 9 958 8 625 

“IT 83 54 427 49 14 08 11 099 15 169 

¥* See Note on opporite page, 
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Prriop III, 

Ration: Sheep I. and I7., 500 grms hay, 200 grms. starch, 50 grms, 
sugar, 53 grms, gelatin. 

‘porerener vine Seton raERirsinepngaeaenbie 

Protein * Carbhydrates Fat Nitrogen in Gain of 
digested. digested, digested. urine, protein. 
Grms., Grms. Grms, Grms. Grms. 

[i ceimaatananaentanemmamenenscentalt Conimanemmnameaanmahiamananammmntianenanmammatl Uusirenaesrandimenesaentaeammenename teeta Hamhnnocaananeeinse oie unnaentananseacee cS rnp annette 

Sheep I.. 66 68 399, 71 9.23 8.69 12.375 

66 1. 66.38 401.52 : 8.86 9.95 4,250 

PERIop IV. 

Ration: Sheep I., 500 grms. hay, 115 grms starch, 15 orms. sugar, 200 
germs. peas; Sheep IT., 500 grms. hay, 200 grms. starch, 50 grms. 
sugar, 538 grms. asparagin. 

ah ty 

Protein * Carbhydr ites Fat Nitrogen in Gain of 
digested, digested. digested, tirine. protein, 
Grms. Grms. Grms. Grms. Grms. 

Sheep I.. 71.24 441.17 13 34 9 730 10. 425 

‘oI. 84.03 424.03 9.77 11.497 12.175 

reer, 

Determinations of sulphur were made in all the experi- 
ments, and showed that in every case but one (Sheep II. 
in Period III.) a gain of this element also took place. 

These results show, beyond all reasonable doubt, that as- 
paragin, at least, is really a nutrient, and that when added 
to a fodder poor in albuminoids it may cause a gain of 
protein by the body, just as we have already seen that the 
aibuminoids may. 

It probably acts in the way already suggested, viz., by 
taking the place of a part of the circulatory protein and 

ne ann nn riamemnatenmmasieteiemenmnatmememeeneanaeaenammmamemn ined 

* To render the results better comparable, the nitrogen of the aa- 

paragin and gelatin has in all cases been multiplied by 625 and 

counted as protein. 
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protecting it from destruction. That this is so is perhaps 
indicated by the fact that a gain vf sulphur also took place. 
All the albuminoids contain this element, while asparagin 
is free from it, and hence we may conclude that the pio- 
tein deposited in the body was derived from the albu- 
minoids of the food, and was not formed by a synthetical 
process from the asparagin. 

An important point is that the gain produced by as- 
paragin was nearly as great as that produced by an equiva- 
lent amount of albuminoids. From this it would appear 
that while asparagin cannot alone supply material for the 
formation of protein in the body, it is fully capable of 
performing the functions of the so-called circulatory pro- 
tein, so far as the production of flesh is concerned, and for 
this purpose 1s practically just as valuable as protein for 
increasing the richness of a ration already containing a 
reasonable amount of that substance. This suggests the 
question whether much of the so-called circulatory protein 
of the body may not be simply that portion of the protein 
of the food which is converted into amides by the action 
of trypsin and other ferments during digestion. The sup 
position seems quite plausible, and is certainly interesting 
from a physiological standpoint, though of little practical 
importance for the purposes of cattle-feeding. 

Other Amides.— Whether what Weiske has shown re- 
garding asparagin is true of other amides as well, can, of 
course, be finally decided only by direct experiment; but 
in the meantime, while we must beware of drawing tuo 
general conclusions from a single experiment, it seems 
highly probable that at least those other amides which 
have been shown to be convertible into urea in the body 
may contribute to nourish it. 

But, if this be true, it also follows that these bodies as 
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they occur in fodders, 2. ¢., associated with comparatively 
large quantities of protein, are practically just as valuable 

tor the production of flesh as the latter, since, when feeu- 

ing-stutts containing them are used, we have essentially 

the conditions of Weiske’s experiments, viz., amides added 

to a fodder containing considerable true protein, and 
should expect the same results. ‘The importance of this 

fact is easily seen. If, for practical purposes, amides are 

equivalent to protein, it is unnecessary to consider them 

separately in the formation of feeding standards, while 
substitution of a pait of the protein called for by a feed- 
ing standard by amides will cause no decrease in the nu- 
tritive value of a ration, so fur as the production of flesh 
is concerned. None of the experiments yet made touch 
the question of the effect of amides on fat production. It 
may well be the case that they cannot play the important 
part in this process which the albuminoids appear to, and, 
on the other hand, it is quite possible that they, like the 
carbhydrates, may protect the fat of the body from 
oxidation. 

Speculation in advance of experiment is fruitless; bnt, 
meanwhile, thongh the study of the nutritive valne of 
these bodies has but just begnn, all the results yet reached 
warn us against hastily declaring them worthless or the 
results of chemical analysis of feeding-stufts false and mis- 
leading. 

§ 8. Errect oF Quantity or Foon. 

A. Large Amount of Fodder Causes a Relatively 

Larger Gain.—It is self-evident that a large quantity of 
fodder of the same composition must cause a greater depo- 
sition of flesh in the body than a small one; but the gain 
is not only absolutely, but relatively greater, as is shown 
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by numerous experiments made on oxen, at Weende, by 
Ilenneberg & Stohmann. In one case, e. g., the total 
quantity vf the digestible nutrients in the daily fodder was 
increased from 17.86 to 19.46 pounds, while the ratio be- 
tween the digestible albuminoids and the non-nitrogenous 
nutrients (the nutritive ratio) remained the same. 

The result was that, after the mcrease, 32 per cent. of 
the total quantity of digested albuminvids was deposited 
as flesh, while before only 18 per cent. had been. The 
absolute quantities were 1.19 and 0.62 pounds. In other 
trials, on a ration consisting exclusively of clover-hay, an 
increase of four or five pounds per day and head in the 
hay ration caused the amount of protein deposited as flesh 
to increase from 9 per cent. to 14 per cent., and in another 
experiment from 11 per cent. to 15 per cent. of the total 
digested protein of the fodder. That is, out of every hun- 
dred pounds of digested protein the animals converted 
into flesh, on the smaller ration, 9 and 11 pounds, on the 
larger, 14 and 15 pounds. These facts show how exceed- 
ingly important it is, especially in fattening, to stimulate 
the animals to the largest possible consumption of fodder 
consistent with health; a little more or less may produce 
an essentially different effect, showing itself perceptibly 
in a more or less rapid increase of the live weight. 



CHAPTER VI. 

THE FORMATION OF FAT. 

§ 1. Sources or Far. 

The Fat of the Food, when digested and resorbed, 
may remain undestroyed under suitable conditions, and be 
stored up in the body; this is now as certain as that a for- 
mation of fat from other constituents of the food may also 
take place. We will, on this point, only refer to the re- 
sults of some of the later experiments, which, like many on 
the laws of flesh formation, we owe to the activity of the 
Physiological Institute at Munich. 

Carnivorous animals which, by a previous feeding with 
meat exclusively, have become rich in flesh and compara- 
tively poor in fat,can be easily made quite fat-free by 
long fasting; the time when the minimum of fat remains 
is easily recognized from the fact that the excretion of 
urea, which during hunger is very constant, at last in- 
creases quite suddenly, because with the entire disappear- 
ance of the fat more protein is consumed in the body. 
Such an animal, a dog weighing about 20 kilogrammes, 
after thirty days of fasting, was fed for five days with the 
greatest possible quantities of pure fat, of which, on an 
average, 370.8 grammes daily were digested. This is such 
a large quantity that it is impossible to suppose it to have 
been completely oxidized in the body, for then 1,0£0 
granunes of carbonic acid should have been oxcreted 

8 
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daily, while direct determinations of the respiratory pro- 
ducts of dogs twice as large and in the best condition 
give much smaller numbers. 

In the body of the animal, which was killed at the end 
of the experiment, 1,352.7 grammes of fat were found on 
the various organs, instead of the 150 gramines which, ac- 
cording to other investigations, was the greatest amount 
that could have been present in the body after thirty days’ 
fasting, so that in this case about 250 grammes daily of 
the fat of the food remained undestroyed and were de- 
posited in the body. Jn numerous other experiments on 
dogs, too, with a more normal food of meat and fat, and 
with help of the respiration apparatus, the fact has been 
contirmed that often a very considerable part of the fat of 
the food may be retained in the body. 

The fat, however, must be analogous to the animal fats 
or easily altered into them, since entirely foreign fats are 
either not resorbed from the alimentary canal at all or are 
rapidly oxidized. This does not, of course, prevent the 
fat in the fodder of the herbivora from contributing di- 
rectly to the deposition of fat in the body, since most of 
the vegetable fats are very similar in their composition 
and properties to the animal fats. 
Formation of Fat in the Body.—For the fact of 

the formation of fat in the body from other substances 
no special proofs need be adduced; it is sufficiently evi- 
dent from daily experience, especially in fattening and in 
milk-production. 

But it is of importance to consider the question what 
nutrients yield chiefly or exclusively the necessary mate- 
rial for the formation of fat. 

Naturally only the albuminoids and carbhydrates are to 
be considered in this connection, for besides these nutri- 
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ents and the fat itself, there are no other organic substan- 

ces present in such quantity in the fodder, either of the 
herbivora or carnivora, as to be able to contribute, in any 

essential degree, to fat-formation. 
Formation of Fat from Albuminoids.—That fat can 

be formed from the albuminoids is now denied by no one 

acquainted with the subject. 
The fact that the albuminoids in decay, and on treat- 

ment with alkalies and with oxidizing agents, form vari- 

ous fatty substances along with other products of decom- 

position, favors this view. It has also been observed, that 

in the milk of the same cow the quantity of albuminoids 
frequently decreases when that of the fat increases, and 
the reverse. The occasionally observed formation of so- 
called adipocere also favors this view; almost all the nitro- 
genous substances of the body disappear, and in place of 
the muscles, etc., appears a waxy-looking, fatty mass, solu- 
ble in ether. Somewhat similar is the fatty degeneration 
of the muscles and other organs of the living body in cer- 
tain diseases and not seldom in excessive fattening, of 

swine, e.g. This fatty degeneration of almost all the or- 
gans of the body is especially marked in phosphorus pois- 
oning, and, according to observations made in Munich, it 
cannot be doubted that fat in this case arises exclusively 
from the albuminoids, urea being separated from the latter 
and excreted. Two apparently independent alterations of 
the tissue metamorphosis appear to occur at the same time ; 
first, an increased protein consumption, resulting in the pro- 
duction of urea and fat, and second, a diminished absorption 
of oxygen by the blood and consequently a decreased ox1- 
dation of the fat, both processes working together to cause 
a large deposition of fat in the body. For example, the 
liver of a man who died of phosphorus poisoning con- 
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tained 1n its dry substance the enormous amount of 76.8 
per cent. of fat. 

If a doubt still remained as to the formation of fat from 
albuminoids, it must disappear on a consideration of the 
results which have been obtained on healthy animals with 
an entirely normal food. For example, the eggs of ordi- 
nary flies have been allowed to develop on pme blood and 
from seven to eleven times as much fat found in the larvee 
as was originally contained in eggs and blood together, 
although the animals had not consumed nearly all the 
blood; the excess of fat could only have come from the 
albuminoids of the food. 

Yet more important, however, are the numerous experi- 
ments made by feeding dogs on large quantities of pure 
(fat-free) meat. 

The three following experiments by Voit & Pettenko- 
fer* may serve as an example. In these experiments the 
respiration apparatus was used, and hence the excretion of 
carbon, as well as of nitrogen, could be determined: 

eecieeananemeaoeniamentanas tamenee gem 

Fifth day of feeding | Second day of feed- | First day of feeding 
with 1,800 ing with 2,500 with 2,000 

grms, meat. grms. meat, grins. meat, 

Nitrogen.| Carbon. | Nitrogen. | Oarbon. | Nitrogen. | Carbon, 
Grimms. Grins, Grms, Grms Grimms. Grms. 

Fed... cc cscenves enon 61.20 225.4 85.00 813.0 68.0 250.4 

Excreted in 
* -‘Urine..... 59 10 85 6 84.88 50.6 66.5 40 0 

Dung.. .... 0.60 4.3 1.00 6.7 0.8 54 

Respiration... ees 179.0 aes 213.6 eee 158 3 

Total excretion .....| 5970 9189 85,98 270.9 67.8 208 7 

Gain (+) or Loss (—).} 41,50 +6.5 —~(.38 +421 +(.% + 46.7 
 atnithoieinaetminamsinmtemtn unimtemanaarame tamara aad se atin emesis 

* Zeitachrift £, Biologie, VIL, 433. 
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In the second and third experiments especially, while 
there is no essential gain or loss of nitrogen, there is a 
gain of carbon by the body larger than any possible ex- 
perimental error, and which must be interpreted, accord- 
ing to the principles of Chapter V., as showing a produc- 
tion of fat in the body, and that this fat must have been 
produced from albuminoids is self-evident. In the first 
experiment the feeding had continued four days, and there 
the gain of carbon is small, indicating that a gain of fat 
produced by albuminoids alone does not continue long, a 
fact which other results confirm. Many other similar ex- 
periments showing a formation of fat from albuminoids 
might be adduced. 

Fat rrom Carpiryprates.— Whether fat can be formed 
from carbhydrates is still a disputed question. Accord- 
ing to Voit & Pettenkofer the protein of the body in de- 
composing takes up the elements of water and splits up 
into urea and a fat-like substance; and, as stated on page 
88, it has been calculated that 100 parts of protein and 
12.3 parts of water, contain the elements of 33.5 parts of 
urea, 27.4 parts of carbonic acid, and 51.4 parts of fat. 

They have shown, in experiments shortly to be de- 
scribed, that the carbhydrates of the food are more easily 
oxidized in the system than the fat of the food or the fat 
formed from the albuminoids, and that they protect the lat- 
ter two from oxidation and thus indirectly aid the forma- 
tion of fat. Having also shown, by experiments like those 
just adduced, the possibility of the production of fat from 
protein, they naturally regard the latter, together with the 
fat of the food, as the chief sources of fat under all cir- 

cninstances, and consider the action of the carbhydrates to 
be simply protective. 

According to this view the carbhydrates would, at most, 
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serve for the production of fat only when the protein and 

fat of the fuod were exhausted, or, in other words, when 

the supply of oxygen in the body was not sufficient to con- 

sume all the carbhydrates. If we find that, in all experi- 

ments on fattening, the digestible protein and fat of the 

food are sufficient to account for the amount of flesh and 

fat actually produced, we shall have very strong presump- 

tive evidence that the views of Voit & Pettenkofer and 

their followers are correct, though, of course, such evi- 

dence is of a negative character and can never reach abso- 

lute proof. If, on the other hand, we find that, in ac 

curately conducted experiments, the digestible protein and 

fat of the food do not suffice to account for the flesh and 

fat produced within the limits of experimental error, we 

have a proof that the carbhydrates of the food must have 

contributed to its formation to the extent, at least, of the 

observed difference. 

Experiments on Ruminants.—Unfortunately there 

have been as yet no extensive investigations in which the 

fat-production of domestic animals, or of any herbivorous 

animals, under the influence of a definite and suitable ra- 

tion, has been determined with scientific accuracy, 7. ¢., by 

careful determination of all the solid, liquid, and gaseous 

excretions. 
In considering this question, we can avail ourselves 

only of the results of so-called “ practical” experiments, 

in which the nutritive effect of the fodder has been de- 

termined simply by the increase of the live weight of the 
animal, or perhaps from the dressed weight, or at best 
from experiments in which the “sensible” (Solid and liq- 
uid) but not the gaseous excretions have been accurately 

determined. 
Mitk-fat.—In regard to the production of milk-fat by 
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cows we have three investigations, carried out respec- 
tively by Voit * in Munich, E. v. Wolff+ in Hohenheim, 
and G. Kiihn and M. Fleischert in Méckern. 

In the first a rich fodder was given, in the two others, 
on the contrary, one less rich in albuminoids. 

In the following table the sum of the fat of the fodder 
and the fat which might have been formed from the pro- 
tein of the latter (51.4 per cent. of the protein consump- 
tion) is compared with the amount actually found in the 
milk. The numbers are gfammes per day and head: 

fate, asi Total. | tne milk, 
Grms, Grms. Gime. Grms. 

Munich, Experiment a...... 318.8 401.8 720.6 577.5 

“ “e BO... 0s. 276.0 808.5 584 5 337.3 

Hohenheim, ‘ T...... 170 5 160.1 330.6 3038.3 

“ “e II...... 166.5 171.3 337 8 290.5 

Mickern, ‘ I..... 183.5 79.5 263.0 277.5 

eé ‘6 II...... 183 5 69.5 253 0 292.0 

In the Munich and Hohenheim experiments, the fat 
available from the two sources named was more than 
sufficient to account for that produced in the milk. In 

Mockern, on the contrary, a small excess of milk-fat was 
found; but even if this excess had been considerably 
greater, no definite conclusions in regard to its source 
could be drawn. Equilibrium between the supply and 
excretion of nitrogen was, indeed, established in the Mock- 

* Zeit. f. Biologie, 1869, p. 113. 

+ Emahrung Landw. Nutzthiere, 349. 
¢{ Landw. V. St., XII, 451. 
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ern experiments, as in all the others, but whether the ani- 
mals were also in equilibrium as to carbon or whether the 
fat of the body took part in the milk-production, as 
is so often the case with milk cows, even when well fed, 
could only have been decided with certainty by the help 
of a respiration apparatus. 

Eeperiments on Fattening—Something more definite 
as to the source of animal fat may perhaps be learned 
from the results of fattening experiments on domestic 
animals, if we at the same time consider that, according to 
the experiments of Lawes and Gilbert in England (see 
p. 9), the increase of the live weight in fattening has the 
folowing composition in 100 parts: 

rennet ee LINER mit liana eorwspnnerrIRenatabini 

Ash, | Protein Fat | ny inctter, | Water, 

Swine........e06 0 06 6.44 715 78 0 22.0 

Sheep... ...ee.0- 2.34 | 7.13 7.4 | 199 | 20.4 
Oxen 2... cco: 1.47 7.69 66 2 % 4. 24.6 

sem 

Average..... 1.45 | 7.53. | 63.6 75.6 | 244 

Of late years a large number of fattening experiments 
have been executed at the various Experiment Stations, 
especially with sheep. In these experiments the fodder 
has been analyzed according to the same methods, the ac- 
tual increase of weight determined as accurately as possi- 
ble, and the duration of the experiments made sufficiently 
long (from two and one-half to fully three months) to nul- 
lify, to a large extent, the effects of any temporary varia- 
tions of the live-weight which might occur. 

If, now, in these experiments, we assume that, according 
to Lawes & Gilbert’s results, 70.4 per cent. of the gain 
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made consists of fat, we shall have a basis for computing 
whether the available protein and fat of the food consumed 
were sufficient to account for the amount of fat actuaily 
produced. Obviously, snch computations are simply ap- 
proximate, but at the same time their results have a cer- 
tain value when derived from a large number of experi- 
ments. 

This comparison has been made by the writer in seventy- 
seven different experiments, viz., fourteen by llenneberg, 
in Weende, in 1858-63;* six by Stohman, in 1862-63, + 
and eight in 1864~-65,+¢ at Brunswick; nine by E. v. 
Wolff, in 1870-71, § and ten in 1871-72, | at Llohenheim ; 

nine by Henneberg & Stohmann ;{ eight by Ilaubner & 
llufmeister, in Dresden; and twelve by IF. Krocker, in 

Proskau. ** 
Each one hundred parts of protein oxidized in the body 

was considered to have yielded 51.4 parts of fat, and to 
this amount was added the ready-formed fat of the fodder. 

The result, with one or possibly two exceptions, was 
that in all cases the protein and fat were sufficient to ac- 
count for the amount of fat formed, although in some of 
the experiments little margin was left. 

i. v. Wolff has separated fifty-nine of these experiments 
into four groups, according to the amount of digestible 
protein contained in the fodder, with the following results 
in pounds per day and head: 

* Jour. f. Landw., 1858, p. 362 ; 1860, p. 1; 1866, p. 303 
+ Ibid , 1865, 2 Supplement. 
t Ibid , 1867, p. 133. 
§ Landw Jahrb., I, 538. 
| Ibid , IT., 221. 
4] Jour f Landw., 1865, Supplement. 

** Preuss. Ann. d Landw , 1889, Sept. and Dee, 
&* 
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PIGESTED PER DAY AND 
Huap. AVERAGE 

Increase of 
live woght 

No. of Experiments. Nutaitive . per diy and 
Albumui- Net noae. ratio. Mead 
nods bs 

nutrients, . 
Lbs. Lbs 

/ Cra 0.220 1 648 1:7 49; 0.111 

18..... eee teen er eee teaeee 0.268 1.557 1:5 81 0.158 

1 0.329 1.588 | 1:4.70 | 0.189 

19...... ene etecsesaeenens 0 384 1.5388 | 1:4.01 | 0.206 

These numbers speak very decidedly for the favorable 
action of the albuminoids on the fat production ; a greater 
increase of weight of the animal accompanies a greater 
supply of albuminoids, while the quantity of the non-nitro- 
genous nutrients is nearly the same in all the groups, and 
therefore can have exerted no essential influence on the 
increase of weight. 

If we take into account, however, the fact that, in all 
probability, some of the so-called protein in these experi- 
ments was really not protein, but amides or similar bodies, 
which, though they may aid the flesh production, can 
hardly serve as a source of fat, the number of cases 
which indicate a formation of fat from carbhydrates will 
probably be considerably increased. 

Still more decided results pointing toward a direct par- 
ticipation of the carbhydrates in the production of fat 
were obtained in the experiments of Tlenneberg, Kern, and 
Wattenberg,* already referred to for another purpose in 
Chapter I. 

In this investigation two sheep were killed at the begin- 
sree nati magtalernammnantenanetetntadivecceremmttaRtnentimyime Withniete ——_sm_ehena en ee 

* Jour. { Landw., Jahrg 26, p. 549. 
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ning of the experiment, and the amount of the various 
components of their bodies (flesh, fat, bones, tendons, etc.) 
determined as accurately as possible, while two similar 
sheep were examined in the same way after having been 

fattened for several months. 
The experimenters themselves did not consider the ques- 

tion of the origin of the fat, but E. v. Wolff* has shown 
from their results that a portion of it must have been 
formed from carbhydrates. 

The carcases of the unfattened and fattened animals 
had the following composition : 

Dry and fat- Drv fat. |Fresh b Fresh 

fie teh.’ | TEP Soh regh bones) onto, 
Unfattened...... ete n cranes 2,465 5,406 2,030 2,488 

Fattened.... cssecse cee ees 2,485 15,077 | 2,566 1,818 

Difference... .... cee eee e ens +20 +9,671 +36 — 670 
Sa NENA NRE nmtneneeetteritie AAAS TOT mresaintnHatt 

The result of the fattening was almost wholly a gain of 
fat. 

The gain of 9,671 grms. of fat does not include the fat 
of the wool nor the small quantities contained in skin, 
head, legs, ete., ete., which would probably have amounted 

to 200 grms. more. ‘This, however, we will leave out of 
the account. 

During the time of the experiment the animals digested 
about 9,490 grms. of protein and 2,554 grms. of crude fat 
(ether extract). Assuming that the digested ether extract 
produced an equal amount of fat, which is hardly proba- 

* Landw. Jahrb., VIII., I. Supplement, p. 269. 
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ble, and also that the digested protein yielded 51.4 per 
cent. of ite weight of fat, we obtain the following num- 
bers : 

Grms. 

Fat actually gained .........-. wee enes cbt eee eeenoen 9,671 
Fat from ether extract...... ssse.ee: 2,554 grms. 

se protein (9,490 x 0 514)...... 4,878 ‘ 
Total ....se.ceeeeee en 63 

Fat unaccounted for..... sesenees chev eeeeeee 2,239 

It thus appears that aé¢ least 2,239 grms. of fat must 
have been produced from carbhydrates. In_ reality the 
amount was considerably greater, however. Not only have 
we not taken into account the fat of the oftal, but the 

amount of protein available for the formation of fat is less 
than appears above. In the first place, a considerable 
growth of wool took place, demanding, of course, a supply 
of protein, and in the sevond place, one of the feeding- 
stuffs used (lucerne hay) has been shown by Kellner * to 
contain a considerable proportion of amides, which were 
here reckoned as albuminoids. 

These results indicate, most decidedly, that in these ex- 
periments a considerable amount of fat was formed from 
some other materials of the food than fat or protein. 
Experiments on Swine.—Nearly or quite all the ex- 

periments which have been made on swine have yielded 
results favorable to the belicf in the formation of fat 
from carbhydrates. 

The earliest investigations were those of Lawes & Gil- 
bert, in 1850, which, on the assumption that the increase 
in the live weight had the composition determined by them 

‘manatee ete rmestitie — terriintierererténtsiranit fire AHIR NREL ARERRERREGEH NRMP NENA eek memnInAt nee aR 

* Landw. Jahrb., VITI., I. Supplement, p. 2438. 
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in other experiments (see pp. 9 and 176), showed, in many 
cases, a greater gain of fat than could be accounted for by 
the protein and fat of the food. 

Later experiments have given similar and even more 
decided results. An increase of 100 pounds in the live- 
weight has frequently been obtained with a fodder contain- 
ing 10 to 15 Ibs. of fat and 50 to 70 lbs. of protein. In 
one case the above gain was made on a fodder containing 
only 40.8 lbs. of protein and 6.8 lbs. of fat, while the weight 
of the animals increased from 70.5 lbs. at the beginning of 
the experiment to 246.5 lbs. at its close. These results 
appear almost incomprehensible unless we admit a pro- 
duction of fat from carbhydrates. 

Weiske & Wildt,* in Proskau, have attempted to solve 
the problem by experiments on the same plan as those of 
Henneberg, Kern & Wattenberg on sheep. Of four six- 
weeks-old pigs, two were killed at the beginning of the 
experiment, and the total quantity of flesh and fat in their 
bodies was determined. Of the other two, one received a 

fodder rather poor in protein for 1S£ days. The second, 
which was to have been fed with a fudder rich in protein, 
became sick, and was therefore excluded from the experi- 
ment. 

At the close of the feeding, the sound animal was killed 
and the flesh and fat present in his body determined, as in 
the two other animals at the beginning of the eaperiment. 

On the assumption, now, that the first two pigs had, at 
the time they were killed, the same composition as the one 
which was fattened, we have only to subtract the average 
of the former from the latter to find the amount of flesh 
and fat produced during the feeding. 

* Zeitschrift fur Biologie, X , 1. 
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Protein. Fat, 
Kilos. Kilos. 

Fattened ....c cc cece eee een cece meee neues 2 2885 7.0138 

Unfattened.. 2... cc cece cece ec er ween aeenee 1.0410 0.8740 

Produced... .. cc cece sec c eee nee eetene ees 1.2425 6.1398 

Digested from food... ..e.ee eee e eee enees 14.3244 0.5748 

Fat formed in DOdy ...... ccc ese eeeenas . 5.5650 

Protein available for fat formation........ 13,0819 ; 

Available protein x0 514 2... 0.06. cee e fcc c ee wee eee 6.7241 
coat 

According to these figures, the protein and fat of the 
food were sufficient to cover the amount of fat produced. 

Various circumstances, however, unite to lessen the 
value of the result reached. From some cause, the growth 
of the animal was unusually slow. Furthermore, the fod- 
der used consisted of potatoes, rye bran, and starch, and 
at the time when this research was made the presence of 
amides in potatoes had not been discovered. Since then 
from 26.8 to 39.9 per cent. of the total nitrogen of pota- 
toes has been found in various experiments to exist in the 
form of amides, and if we take this fact into account, the 
above calculation yields very different results. 

Out of the total digested protein, 11.1227 kilos. came 
from the potatoes. Assuming 26.8 per cent. of this to be 
amides, there remain 8.1419 kilos. making, with 3.2017 
kilos. from the bran, a total of 11.3436 kilos. of true pro- 
tein digested.* 

The figures then stand as follows: 

* On the assumption that protein and amides were digested to the 
same extent. It is more than probable that the amides were wholly 

digestible, which would give a still greater deduction, 
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Protein. Fat. 
Kuilos. Kiulos. 

Produced... ... cc cece ec ce rene eee ren sees 1.24.25 6.1398 

From f00d......c cece ee cee eee eter tnene 11.3436 0.5748 

Fat formed in body........0ee.0cccerencs 5.5650 

Protein available for fat production....... 10.1011 

Available protein x 0.514 = ......... ce ele eer eee e ee ee 5.1920 

The result is exactly the opposite of that previously ob- 

tained. The difference is too small to prove a formation 

of fat from carbhydrates, more especially as a participation 

of the amides in fat-building is not altogether impossible, 

but it deprives the experiment of all value as a proof that 

carbhydrates do not furnish material for fat. 

Some late feeding experiments on swine by E. v. Wollff,* 

at Ilohenheim, have also given results which seem to show 

quite plainly a formation of fat from carbhydrates. A gain 

of 100 pounds was made from an amount of fodder contain- 

ing from 47.1 to 71.4 Ibs. of digestible protein, and from 

1.6 to 8.5 lbs. of digestible fat. The larger of these quan- 

tities could yield, at most, 40.2 Ibs. of fat, while, according 

to Lawes & Gilbert, 100 Ibs. increase would contain at 

least 70 Ibs. of fat. 
Experiments on Dogs.—In regard to the dog, we can 

assert that in no case is the assumption of a formation of 

fat from carbhydrates necessary. As has already been 

mentioned, large quantities of fat may be deposited in the 

body from the fat or the albuminoids of the food; but 

in twenty-two respiration experiments made by Petten- 
men ree eeeeeeseenmmimee arenas anneamnmner arena insane umn ele ena oem er ae eT a at eee 

* Landw. Jalrbucher, VIII, I. Supplement, 208. 
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kofer & Voit, the fat deposited in the body was always 
fully accounted for by that which could be formed from 
the amount of albuminoids decomposed in the body, and 
was proportional not to the carbhydrates but to the albu- 
minoids of the food. With the saine quantity of albumi- 
noids in the food, an increase of the carbhydrates caused no 
increase in the amount of fat formed, but only an in- 
creased excretion of carbonic acid, showing that the carb- 
hydrates were rapidly oxidized in the blood.* On the 
other hand, an increase in the albuminoids of the food— 

the quantity of carbhydrates remaining the same—caused 
a very considerable increase In the amount of fat pro- 
duced, thus showing an intimate connection between the 
supply of protein in the food and the formation of fat in 
the body. 

Sources of Uncertainty.—Ilaving considered the ex- 
perimental evidence bearing on the question of the sowces 
of animal fat, it now becomies necessary to consider briefly 
how much weight attaches to this evidence. 

Ié must be admitted at once that the data now at our 
command are not sufficient to enable us to solve the prob- 
lem. No thorough and accurate scientific study of the 

subject has yet been made, if we except Pettenkofer & 
Voit’s experiments on dogs. The conclusions drawn in 
the preceding paragraphs from esperiments on farm ani- 
arermeresinnmemers anene Poumenan tee tt emir mon a maaan ernment 

*It should be said that, according to Zuntz (Landw, Jahrbucher, 

VITI., 94), carbhydrates cause no increase in the excretion of carhonic 

acid when introduced directly into the blood, but only when taken into 

the alimentary canal, According to him, the increased excretion of 

carbonic acid is caused by the excitation of the nerves of the stomach 

and intestines In a practical point of view, however, the result is 

much the same, smce the carbhydrates of the food must be taken into 

the alimentary canal, and it makes little difference whether the car- 

bonic acid is produced from them o1 from the tissues of the body. 
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mals are to be regarded only as very probable, not as cer- 
tain. 

In the first place, we do not know how much fat was 
actually formed in these experiments. 

The estimates of its amount, based on the composition 
of the increase of fattening animals as determined by 
Lawes & Gilbert, are obviously very uncertain; and even 
in such experiments as those of Henneberg, Kern & Wat- 
tenberg, and of Weiske & Wildt, it is highly improbable 
that the animals killed and analyzed at the beginning of 

the experiments had exactly the composition of those re- 

served to be fattened, and we have no means of judging of 

the amount of the difference. 
Again, in all cases we have assumed that 100 parts of 

protein decomposed im the body gave rise to 51.4 parts 

of fat. 
Now this number is a purely theoretical one, based on 

a calculation by Ilenneberg of the greatest amount of fat 
which could possibly be formed from a given weight of 
protein; and, while there can be no doubt that fat is 

formed from protein, it is very doubtful whether this 
maximum amount is formed in every, or even in any, Case. 
It is a commonly observed fact that when a chemical com- 

pound breaks up into simpler bodies, some of its latent 
energy is set free, either as heat or in some other form. 
Zuntz (loc. cit., p. 96) has, however, shown that such a 
formation of fat and urea from protein as we have been 
supposing, is only possible on the condition that the result- 
ing products contain all the latent energy of the decom- 
posed protein, and that none is given off in the decompo- 
sition. This, Zuntz remarks, is a process wholly without 
analogy in the animal body, where all decompositions are 
accompanied by the setting free of considerable quantities 
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of heat. Without laying too much stress upon this point, 
we must still admit its importance. 

If Zuntz’s ground be well taken, then it would appear 
that in all the calculations on this subject we must reduce 
the amount of fat obtainable from the protein of the food, 
leaving still more to be furmed from other nutrients. 

Conclusions.—The following conclusions regarding the 
sources of animal fat appear to be justified by our present 
knowledge on the subject: 

ist. Animal fat may be formed from the fat of the 
food. 

9d. It may be formed from the protein of the food. 
8d. Assuming the accuracy of the factor 0.514 for the 

conversion of protein into fat, the amount of fat produced 
by the dog is covered by the protein and fat of the food. 

4th. Ruminants have in some cases produced less, and 
in some cases more, fat than could be accounted for by the 
protein and fat of the fodder. 

Sth. Swine have, in the majority of cases, produced 

more fat than could have been formed from the protein 
and fat of the food. 
When we consider the fact that tho proofs of the for- 

mation of fat exclusively fromm protein are essentially 
negative in their nature, while those of its formation from 
caibhydrates are direct, it would seem that we must admit 
that the carbhydrates may serve as a source of fat to swine, 
and also, under some circumstances at least, to herbivora. 
This, however, is equivalent 10 admitting it for all animals, 
since there are no essential differences known in the nutri- 
tive processes of the higher animals. 

With our present imperfect knowledge, we must regard 
both protein and carbhydrates as sources of fat, while the 
final settlement of the question, as well as the determina- 
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tion of the part played by each, must be left to the deci- 
sion of more exact experiments. 

Ifaving thus considered at some length the important 
question of the suurces of animal fat, we are prepared to 
take up the general laws which regulate its formation. It 
is evident, however, that until we know with certainty the 
source from whence the fat of the body is derived, our at- 
tempts to formulate the laws of its production must be 
more or less tentative. Most of our knowledge upon this 
subject is due to the labors of Pettenhofer & Voit at Mu- 
nich. These investigators hold that fat is not formed 
from carbhydrates in the body, and their experiments, 
which were made before many of the facts spoken of in 
the preceding paragraphs were known, are interpreted in 
accordance with that belief. If we add to this fact the 
great labor involved in investigations of this kind, the use 
of the complicated respiration apparatus being essential, 
we can readily understand why our knowledge of the laws 
of the formation of fat should be in some respects unsatis- 
factory. At the same time, what is already known is very 
valuable and offers important aid to the formation of a 
rational theory of feeding. 

§ 2. Fesxpine witi Fat ALONE, 

The Fat of the Food protects the Body-fat.—In 

Pettenkofer & Voit’s experiments* a dog was in one 
case allowed to fast for eight days, and in a second esperi- 
ment was fed daily with 100 grammes of pure fat, about 
the amount which was found to have been oxidized daily 
in the first experiment. On the cighth day the following 
results were obtained : 

* Zeitschrift f Biologie, V., 369. 
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Grms. Grms. 

Fat eaten per day.......-.seees 100 0 

Consumption of ficsh in body.... 159 138 

Ae a 111 114 
Gain (+) or loss (—) of fat...... +6 —99 

caer mre eA rho medina 

While, as we have already learned, fat does not hinder 
the protein-consumption in the body but rather tends 
to increase it, when fed alone, the loss of fat is entirely 
stopped by a quantity equal to that lost in hunger. That 
is, an increased supply of fat does not, like an increase of 
albuminoids, angment the consumption, but takes the place 

of that before consumed, pound for pound. 
The simplest way of explaining this is by the assump- 

tion that the fat of the food is more easily oxidized than 
that already deposited in the body, and that the former 
therefore possesses itself of the oxygen of the blood and 
protects the latter from oxidation. 

A Gain of Fat may accompany a Loss of Flesh.— 

In another experiment, in which a large quantity (850 
grammes daily) of fat was fed, the logs of flesh on the 
second day amounted to 227 grammes, and at the same 
time 186 grainmes of fat were retained in the body. The 
same fact is shown by the second experiment on p. 172. 

§ 3. Fespine wir Prorern ALONE. 

Protein can protect the Fat of the Body from Oxi- 

dation.—The following experiments by Pettenkofer & 
Voit,t on a dog fed exclusively with meat, were made with 
the help of the respiration apparatus: 

rug 

* Including that formed from protein. 7 _ 

+ Zeitschrift f. Biologie, VII., 489. 
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Meat fed. ree oe or Lose’ ( - CG resi. or loss mf fat. 
. Gims, Gims. Grms 

—_————__— | 

0 165 —165 —95 

500 599 —99 —47 

1,000 1 079 —79 —19 

1,500 1,500 0 +4 

1,800 1,757 +48 +1 

2,000 2,044 ~44 +58 

2,500 2,512 —12 +87 

While with a small ration of meat the animal lost both 
flesh and fat, a medium ration (1,500 grammes) sufficed to 
stop the loss, not only of flesh but also of fat, and larger 
amounts, while they could not, for the reasons explained 
in the preceding chapter, cause any considerable gain of 
flesh, did cause a gain of fat; 2. ¢., not only did the albu- 
minoids protect the body-fat from oxidation, but new fat 
was formed from them and laid up in the body. 

These results are most simply explained by the assump- 
tion that the fat formed in the body from albuminoids, 
like that contained as such in the food, is more readily 
oxidized than that already stored up in the body. 

Incidentally these experiments give proof of the possi- 
bility of the formation of fat from protein, and also of the 
statement just made that a gain of fat may accompany a 
loss of flesh. 

§ 4, FEEDING WITH PROTEIN AND Fat, 

Protein protects the Fat of the Food from Oxi- 

dation.—Since in the fodder of herbivorous animals fat is 
usually present in small quantity, and is of comparatively 
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little importance, it will be sufficient to indicate in ontline 
the general results of experiments on carnivolous animals. 
It has already been shown that fat is produced in the 
body in the decomposition of albuminoids, and that with 
a comparatively large amount of the latter the fat thus 
formed may equal the amount oxidized in the body. 

If, now, to such a ration we add a certain quantity of 
fat, say 100 grammes, we have just so much more fat 
available for deposition in the body, smce the consumption 
of fat does not increase with the supply as does that of the 
albuminoids. 

Thus, in a series of experiments made by Pettenkofer 
& Voit,* a dog was fed daily 1,500 grammes of meat, a 
quantity which had been found sufficient to keep him in 
equilibrium both as regards flesh and fat, and 1eceived 
also varying quantities of fat. 

raterenciaalt bth inte Hy SRNR mena coed et aunt SSRI LN nape uly etn Na 

Foon. L¥YFELCL ON Bopy 

Consumption Consumption 
Meat Fat. G f flesh Gain of fat, 
Grms Grms. Tanai "Cerme “ a fat t are i me " 

1,500 30 1,457 +43 158 82 

1,500 60 1,501 ~ 1 186 39 

1,500 100 1,402 +98 163 91 

1,500 100 1,451 + 49 151 109 

1,500 150 1,455 +45 174 136 
rete tgemcoemannceatamentinng oman antti eee Nee noe Senate atypia ett sae ntti mene ete tcirectmaietinmene Mi mt — les sealant rttranrtyagin oe 

The addition of fat caused a deposition of it in the body, 
and the amonnt thus laid up was, in nearly every case, pro- 
portional to that fed. 

nt rmcttae eres ayant enh mnie ed bem eeairmetelanetstins amy 

* Zeitschrift f Biologie, TX , 30. 

+ Including the fat produced from protein, 
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That is, the amount of fat yielded by the decomposition 
of the albuminoids was sufficient to supply what was 
needed for the vital processes, and the extra amount added 
was stored up in the body. This is generally expressed by 
saying that the fat produced from the albuminoids is more 
easily oxidized than that of the food, or, in other words, 
that the protein protects the fat from oxidation, but there 
seems to be no absolute proof that such is the case. There 
is simply an excess of fat present over that required, and 
this excess is laid up against future needs. ‘The fat pro 
duced from the albuminoids is always to be added to that 
given in the food in estimating the effect of a fodder. If 
much protein is fed, the protein consumption in the body 
will be great, and while little or no organized protein is 
produced, large quantities of fat may be laid on. A too 
great accumulation of circulatory protein, however, is to 
be avoided, since it increases the rapidity of the circulation 
of finids in the tissues, and tends to produce a more rapid 
oxidation. 

§5. FEEDING WitH PROTEIN AND CARBHYDRATES. 

The only really scientific experiments on this point are 
by Pettenkofer & Voit,* who, as we have seen, do not be- 
lieve in the possibility of a formation of fat from carbhy- 
drates. The experiments and results now to be given form 
a powertul argument in favor of the correctness of their 
view in its application to the animal experimented on. 
At the same time we must not forget that other experi- 
ments strongly indicate that, in some cases, fat is formed 
directly from carbhydrates. 

* Zeitschrift f Biologie, IX , 435. 
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Carbhydrates may be Oxidized instead of Fat.— 

By the addition of carbhydrates to albuminoid food the 

protein consumption is, indeed, somewhat decreased, but 

never stopped; but the cai bhydrates, when present in suf- 

ficient quantity, may protect entirely from oxidation the fat 

of the body, and also the fat of the food and that formed 

from protein. This effect of the carbhydrates becomes 

evident when we compare some of the experiments in 

which the animal was fed on meat alone with those in 

which the same quantity of meat was fed with the addition 

of starch or sugar. 

Toop Norrrrry: Drrncr 

sine einrnh reer eetemmtere on pentane ew 

Miat Starch or Tat Consumption. Toss of | Consumption Gain of 

Gems | BM | aims | tie Gums “ne Grits 

500 _ _ 599 99 108 — 47 

500 167 6 530 30 50 +14 

500 182 537 37 43 +16 

The carbhydrates of the food in the second and third 

experiments caused the fat consumption to decrease to less 

than half its former amount and made a corresponding 

gain of fat possible. This they apparently accomplished 

by possessing themselves of the oxygen which otherwise 

would have combined with the fat; in other words, they 

were oxidized in place of the latter. 
Difference in the Action of Carbhydrates and Fat. 

—Pettenkofer & Voit have found that while an increase 
Se aeneaatadl ee wen 

* Including that formed from protein. 
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of fat in the food causes an increased deposition of fat in 
the body, an increase of the carbhydrates does this only 
up to a certain limit. For example, if fat be fed to a fast- 
ing animal in more than sufficient quantity to supply the 
necessary consumption, the excess is deposited in the body, 
and the more fat is fed the more is thus deposited. If 
carbhydrates be fed in this way, they are oxidized in the 
blood, and a corresponding quantity of the body-fat and of 
that produced from the decomposition of the albuminoids 
of the body is protected from destruction. If enough 
carbhydiates are fed, all the fat separated from the pio- 
tein may be deposited as body-fat. Thus far the action is 
essentially like that of fat, but ¢/ we ¢ncrease the carbhy- 
drates beyond this point we get no further layung on of fat. 
The quantity of fat deposited in the body under such cir- 
cumstances is found to be proportional to the amount of 
the protein consumption, and the excess of carbhydiates is 
simply burned up, producing an increased excretion of car- 
bonic acid.* Essentially the same results were obtained 
when carbhydrates weie fed along with albuminoids. In 
no case was the gain of fat greater than corresponded to 
the ready-formed fat of the food and that which could be 
produced from the albuminoids, and any excess of carbhy- 
drates over that required to protect this amount of fat from 
oxidation produced no effect except an inicreased excretion 
of carbonic acid. 

On the other hand, it has been observed that when a 

large quantity of carbhydrates are fed, and the albumi- 
noids are gradually increased, the gain of fat also in- 
Creases. 

The following expe1iments illustrate this: 
LLL ree ert ret rr ‘el TTT NT SAT 

* See foot note, p 184 
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Caibhydrate. (starch) Meat of food. Flesh consumption. Gain of fat, 
of food, ms Lm Gris, 
GimMs 

879 saae 211 41 

3°79 800 608 69 

S79 1,800 1,469 122 

The increased oxidation of albuminoids in the body 
furnished more material for the formation of fat, and the 
earbhydrates were sufficient to protect a large part of it 
from oxidation. These and similar researches obviously 
speak strongly in favor of the theory that fat is formed 
from the albuminoids and not from the carbhydrates. 

Naturally, a certain relation must subsist between the 
latter and the amount of fat formed. Since the carbhy- 
drates protect the fat from oxidation, a greater quantity of 
them must protect more fat up to a certain limit; but if 
more carbhydrates are given than are necessary to protect 
the fat, the excess seems not to produce fat but to be 
oxidized. 

The relative Effect of Fat and Carbhydrates in 

effecting a gain of fat or protecting the body fat from 
oxidation, is not in proportion to their respiration equiva- 
lents. 

J3y the respiration equivalent, as explained on p. 157, we 
understand the relative quantities of heat which equal 
weights of the given substances will produce when com- 
pletely burned. 

It may be expressed in another way by saying that they 
represent the relative amounts of oxygen with which equal 
weights of the given substances combine when completely 
oxidized. ‘Thus, if a certain weight of starch, ¢.¢., re- 
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quires for its complete combustion one gramme of oxygen, 
the same weight of fat will require 2.5 grammes of oxygen 5 
and if we represent the respiration equivalent of starch by 
1, that of fatis 2.5, while that of the other carbhydrates 
is practically equal to that of starch, viz., 1. 

Since, now, the chief office of the carbhydrates seems 
to be to protect other substances from oxidation by them- 
selves combining with the oxygen, we might naturally ex- 
pect that one part of fat would be equivalent in this respect 
to 2.5 parts of a carbhydrate ; and before any exact obser- 
vations had been made, this was assumed to be the case. 

The few experiments as yet made, however, have shown 
that this assumption is erroneous, and that one part of fat 
is equivalent not to 2.5 parts of a carbhydrate, but to only 
about 1.75 parts, while, as we have seen (p. 157), their 
action in decreasing the protein consumption is about the 
sane, weight for weight. In the animal body we have to 
do, not with a machine into which fuel is put to be burned, 
but with a living organism. The materials of the body 
and the food are decomposed in the performance of the 
vital processes, while the burning of them by the oxygen 
of the blood is only a secondary process, and any conclu- 
sions drawn from the chemical composition of nutrients 
and their behavior outside the body, are of very uncertain 
application to the complicated processes which take place 
within it. 

The importance of these facts for the practice of feed- 
ing is obvious. The carbhydrates are the cheapest of the 
nutrients, and the most easily digestible, while fat is ex- 
pensive and difficult of digestion by herbivorous animals. 
When we add to the two facts just mentioned—viz., the 
equivalence of fat and carbhydrates in their effect on flesh 
production, and the value of the latter as an aid to fat pro- 
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duction—the possibility of a direct formation of fat from 
carbhy drates, the great importance of this class of nutrients 
becomes evident. 

Fattening.—In fattening animals for market, the chief 
endeavor is to produce fai, and only in a subordinate de- 
gree to cause a formation of flesh. Indeed, after an 
animal has completed its growth but little more formation 
of actual flesh (organized protein) takes place, although 
the quantity of ciiculatury protein, and so the juiciness: of 
the meat, may be increased. 

In all cases, a certain minimum amount of protein and 
non-nitrogenous nutrients is necessary to maintain an anl- 

mal /n séete quo; but this amount varies according to the 
condition of the body. Jf the latter is rich in circulatory 
protein on account of previous rich feeding, the food must 
contain much protein; if it contains little circulatory pro- 
tein, a small amount of albuminoids in the fodder will 
suffice. If the body is fat, a smaller ration of albuminoids 
is necessary to maintain its condition than when it is Jean. 

If we increase the fodder beyond the amount necessary 
for maintenance, a production of some sort results. 

Tf the amount of the non-nitrogenous nutrients be in- 
creased, we shall get (up to a certain limit at least) a pro- 
duction of fat; if the protein be increased, we shall have 
an increased protein consumption in the body, but also a 
gain both of flesh and fat. 

The proper proportions of nitrogenous and non-nitro- 
genous nutrients in a fodder, then, obviously depend on 

the object of the feeding. If we desire torender the body 

rich in protein, to cause a good development of its organs, 
and render it capable of great exertions, we shall feed 
plenty of albuminoids together with cnough non-nitro- 

genous nutricnts to protect the fat of the body from oxi- 
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dation and to diminish the protein consumption as much 

as possible while not causing any considerable fattening, 

and we shall give the animal as much of this fodder as 
possible, because the greater the amount of food of a given 
composition eaten, the greater, other things being equal, is 
both the absolute and the relative production. (See p. 167.) 

On the other hand, if we wish to fatten the animal, we 
shall proceed differently. With any given number of 
pounds of protein in the daily fodder, the greater the 
amount of non-nitrogenous nutrients taken into the sys- 
tem the more fat is protected from oxidation and the less 
becomes the protein consumption. In other words, having 
once fixed on the number of pounds of protein to be given 
per day and head, the more carbhydrates and fat we can 
introduce into the system along with it the greater will be 
the production both of flesh and fat. 
We shall consequently incline to make the nutritive 

ratio of our fattening fodder wider than that for working 
animals; but in doing this we shall not forget that a cer- 
tain absolute amount of protein is necessary. 

Leaving out of account the possible formation of fat 
from carbhydrates, there is no doubt that a certain propor- 
tion of protein in the fodder is essential to rapid and 
profitable fattening, especially of ruminants, while it is, of 
course, the only source of material for the formation of 
flesh. Since, now, an animal can consume only a certain 
total amount of food, our first care will be to see that that 

food contains enough protein; while, in the second place, 
we shall introduce into it enough carbhydrates and fat to 
insure a production of fat and prevent any unnecessary 
protein consumption. 

Thus it will be seen that a consideration of the general 
principles brought out in the last two chapters leads to im- 
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portant practical conclusions. The application of these 
general principles to the feeding of domestic animals, the 
determination of the quantity and proportions of the various 
nutrients which are necessary to attain most speedily and 
profitably the various ends of feeding, forms the object of 
the science of cattle-feeding, and it is the clear recogni- 
{ion of this fact and the intelligent pursuit of this object 
which has caused the rapid advances of the past few years. 
What has already been achieved in this respect will 

form the subject-matter of Part III. 

26, INFLUENCE oF OTHER ConDITIoNs oN THE Propvorion or Far. 

Influence of the Fat of the Body.—In a body rich 
in fat the total fat-consumption, and also the proportion of 
the fat of the food which is oxidized, is greater than when 
the body contains little fat; in the latter case, the fat from 
the food, or from the oxidation of the albuminoids, is more 
readily stored up, while in the former case greater obsta- 
cles seem to stand in the way of a further accumulation of 
fat. 

Excessive Drinking.— According to our present knowl- 
edge, excessive drinking of water increases the consump- 
tion of fat in the body, just as it does that of the protein. 
(See p. 185.) Too watery fodder and too much drinking 
are therefore to be avoided, especially in fattening, if we 
wish to attain the most rapid and abundant formation of 
flesh and fat. 

Too low or too high a Temperature of the stall 
seems also to act unfavorably on fattening: the first, be- 
cause an lucreased oxidation of food constituents is neces- 
sary to maintain the vital heat; the second, because it 

causes perspiration, which exerts two evil effects: first, by 
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causing increased drinking, and second, by absorbing heat 
from the body by its evaporation, just as water sprinkled 
on the floor on a hot day absorbs heat as it evaporates, and 
so cools the room. Every such loss of heat is equivalent 
to a loss of substance, since the heat is produced by the 
oxidation of the materials of the body or of the food. Too 
high a temperature is also liable to make the animals rest- 
less and diminish their appetite. A medium temperature 
of from 55° to 70° F. is the most favorable for fattening. 

Muscular Exertion, as we shall see more in detail in 

the next chapter, increases the consumption of fat very 
considerably. ‘Too much movement by fattening or milk- 
ing animals is therefore to be avoided. This is true not 
only of outward motions but of the internal motions of the 
body in digestion, etc. Jf a very bulky fodder be given, 
the increased work of moving it in and through the diges- 
tive apparatus cannot but have its influence in increasing 
the oxidation and destruction of fat. Doubtless one of the 
advantages of concentrated and easily-digestible fodders is 
the saving in internal work which they effect. 

The Amount of Oxygen taken up by the Blood 

is a not unimportant factor in the production of fat. The 
decompositions which take place in the body are, as we 
have already seen, vital processes, and the taking up of 
oxygen is a consequence and not a cause of them. 

At the same time, the maximum amount of oxygen that 
can be introduced into the system is determined by the 
amount of blood and its content of hemoglobin, this sub- 
stance being the active agent in taking up the gas, and 
this, of course, sets a limit to the amount of matter that can 
be oxidized in the system. Consequently a small amount 
of blood and a small proportion of hemoglobin are condi- 
tions favorable for the production of fat. 
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According to the observations of Subbotin,* the chief 

factor in determining the amount of hemoglobin in the 
blood seems to be the nature of the food. The blood of 
a dog, é.g., fed on a richly nitrogenous diet, was found to 
have 13.73 per cent. of hamoglobin, while on a non-nitro- 
genous diet it sank to 9.52 per cent. Ile also found that 
the blood of herbivorous animals, which generally receive 
a fodder comparatively poor in nitrogen, contained less 
heemoglobin than that of carnivorous animals, which receive 
a more nitrogenous food. 
We shall see in Chapter VIII. that an increase of the 

albuminoids of the food increases the capacity of the body 
to store up oxygen, and here we get a hint as to the way 
in which this eftect may be produced. 

One other factor determining the amount of hemoglo- 
bin seems to be the amount of fat already contained in 
the body. Subbotin found considerably less in the blood 
of lean than of fat animals. 

That a decrease of the hemoglobin aids the production 
of fat is indicated by various facts. 

In some parts of Germany bleeding is resorted to, to in- 
crease the rapidity of fattening, and it has been found by 
respiration experiments that this operation, while it in- 
creases the protein consumption, decreases that of fat, 
apparently by removing part of the blood corpuscles 
(hemoglobin), the agents by which oxygen is introduced 
into the system. It is also a fact of experience that the 
body, when deficient in blood, is often inclined to lay on 
fat. Itis well known, too, that herbivorous animals are, in 
general, easier to fatten than carnivorous, and it is more 

than probable that this is due, in part at least, to the 
eee een ee senior nee | shemaeatieiadamnmenltamasitaetnaiaenandiand 

* Zeitschr. f. Biologie, VII., 185. 
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smaller amount of hemoglobin contained in their blood, 
while the differences observed between different breeds in 
this respect may be partly owing to the same cause. 

In cases of phosphorus-poisoning, an enormous formation 
of fat is observed, amounting sometimes to fatty degener- 
ation of the tissues. Phosphorns acts as a poison by 
depriving the blood of oxygen, and as one of the effects of 
this we see an abnormal formation of fat, due apparently 
to the poverty of the blood as regards oxygen. 

The amount of oxygen taken up by the blood must also 
be influenced by the amount of Inng surface, the rapidity 
of circulation and respiration, ete. ; but while it is a popular 
and perhaps well-founded belief that the differences ob- 
served between different animals as regards ease of fatten- 
ing, are largely due to differences in build, especially in 
the size of the lungs, there has been as yet no scientific 
study of this interesting question. 

g* 



CIIAPTER VIII 

THE PRODUCTION OF WORK. 

In its most general sense, the production of work means 
the conversion of latent into actual energy. In the ani- 
mal, it is the latent energy contained in the various com- 
ponents of the food or the body, which is thus converted, 
during the resolution of these components into simpler 
substances. Every ingredient of the food contains a cer- 
tain fixed amount of force; every one of the simpler com- 
pounds into which it may split wp in the body also con- 
tains its smaller but equally definite amount of force, and 
the difterence between the latter and the amount contained 
in the original substance expresses exactly the amount of 
force which that substance is capable of contributing to 
the body. 

The production of force in the body has been compared 
to the operations of a steam-engine. 

In the engine, the force exerted is set free as heat from 
the coal burned under the boiler, and is then converted, by 
appropriate mechanical arrangements, into motion of the 
engine; in the body the force set free by the combustion 
of the materials of the food appears partly as heat and 
partly in other forms. Just as the burning of fuel under a 
steam-boiler may do various kinds of work, such as heating, 
producing chemical change, or causing motion of the en- 
gine, which motion, again, may be applied to various pur- 
poses, such as pumping water for the boiler, drawing coal 
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for the fire, driving the machinery of a shop, etc., so the 
energy set free in the body takes various forms. It may 
appear as heat, or as motion, it may take the form of elec- 
trical currents, or it may produce chemical changes, such as 
the formation of a complex compound out of simple ones. 
All these phenomena we class together under the general 
name of the production of work. 

It is obvious at once that the production of work is an- 
tagonistic to the formation of the material products for 
which animals are frequently kept. All work is performed 
at the expense of food or tissue, and the more work is per- 
formed the less mate.ial remains for the production of 
flesh, fat, milk, ete. 

This is a common observation as regards external work 
—no one would undertake to fatten a laboring animal— 
but it is equally true of such less obvious forms of work 
as the production of heat or of chemical change. Plainly, 
then, we have a very practical interest in knowing what 
constituents of the food or of the body are destroyed in 
the performance of the various kinds of work, since all the 
material losses thus occasioned must finally be supplied by 
the food. 

One kind of work, viz., muscular exertion, has been the 

subject of much study and controversy; and though we do 
not even yet know with certainty what substance or sub- 
stances are the source of muscular power, yet what has 
been learned is of great value. Other forms of work, on 
the contrary, have received comparatively little attention, 
and offer a wide fiéld for investigation. 

In the following pages we shall take up first the pro- 
duction of external work and its bearings on the feeding of 
working animals, and then attend to a few considerations 
concerning the internal work of the body. 
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21. Errects or Muscurar Exgrrion on Excrerion. 

Voit’s Experiments.—It was formerly the common 
belief that continued activity of the muscles caused a wear- 
ing out of those organs, and, as a consequence, largely in- 
creased the protein consumption and the excretion of 
nitrogen. This belief, however, was never founded on 
experimental evidence, and has now been rendered un- 
tenable in its original form. 

Karl Voit, of Munich, was the first to make exact ex- 
periments on the subject, and in 1860 he published the 
results of his researches,* which showed that, contrary to 
the then generally accepted theory, muscular exertion did 
not increase the ainount of protein decomposed in the body. 

Ilis experiments were made on a dog weighing about 
32 kilogrammes (70 Ibs.). The worls which he performed 
on the woiking-days (by running in a treadmill) was very 
considerable, being estimated at 1.7 kilogramme-metres t+ 
per second for the whole twenty-four hours (the work 
being actually performed in six periods of ten minutes 
each), while the work performed by a man working eight 
hours in the twenty-four is estimated at only 2.3 kilo- 
gramme-metres per second for the twenty-four hours. In 
some of the experiments the animal received no food; in 
others he was given a daily ration of 1,500 grammes of 
fat-free meat, with which amount the body was allowed to 
come into equilibrium before the beginning of the experi- 
ment. The dict on the resting and working-days was al- 
ways the same, except that the animal was allowed to 
drink all the water he desired. Each experiment extended 

naeomerms seminee alone mains rem seman Oe mca, IF tn 

* ** Untersuchungen uber den Hinfluss des Kochsalzes, des Kaffee’s 

und der Muskelbewegungen auf den Stoffwechsel,” 1860. 
+A kilogramme-metre is the amount of force required to raise one 

kulogramme through a space of one metre, in opposition to gravity. 
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over three days. The following results are averages for 
twenty-four hours: 

Number of Experiment Moat caten. n ane, excreted, excntad. 
Grms, Grnis. Grms. 

1 ( Rest, 208 186 14.3 
wea ee tere cece ences 0 } Work. 379 518 16.6 

Rest. 123 145 11 9 

| 6 Cre 02 Work. 527 186 12.3 

Rest. 125 143 10.9 

Rest. 182 1,060 109.8 

08 Ree 1,500 ~ Work. 657 1,330 117.2 

Rest. 140 1,081 | 1099 

Wo + 500 { Work. aa 1164 | 114.1 
| Rest. 63 1,040 | 110.6 

mtr tpl RR yrtfeenen reer ernie 

The 1,500 grammes of meat eaten in Esperiments ITI. 
and IV. contained 1,188 grammes of water, which is to be 
added to the amount drunk. 

These results show, at most, only a very slight increase 
of the protein consumption on the working days. On the 
days of fasting the increase, as measured by the excretion of 
urea, was 11.5 per cent., and with the meat ration only 
4.8 per cent. ; and even this small increase appears to be 
due, not to the work but to the preater amount of water 
drunk and excreted in the urine, since, as we have already 
learned (p. 135), an increased excretion of water in the 
urine causes an increase in the protein consumption. Voit 
found that an increase of 100 grammes of water in the 
urine caused, in the dog, a plus of 1.7 grammes of urea. 
If this relation is applicable to the above experiments, it 
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practically covers the comparatively slight increase of urea 
observed on the working days, and we must consequently 
assume that muscular cxertion dves not essentially increase 
the protein consumption in the body. 
Experiments by Pettenkofer & Voit.—The correct- 

ness of this conclusion is shown by some subsequent ex- 
periments by Pettenkofer & Voit* on a man, in which 
the amount of water drunk was regulated, and the above- 
mentioned source of uncertainty thus avoided. In these 
experiments the respiratory products were also determined, 
and the influence of work upon the non-nitrogenous con- 
stituents of the body thus ascertained. 

On the work-days the subject of the experiments turned 
for nine hours, with occasional pauses, a heavy wheel pro- 
vided with a brake, and at night felt fatigued as after a 
hard day’s work or a long march. With the aid of the 
respiration apparatus the following numbers, which all refer 
to a space of twenty-four hours and are inostly the average 
of two or three concordant experiments, were obtained: 

saatrdetbinamanininetnriertertibat 

WATER Uxcrerrp ar ° Carbonic _ Oxygen | Number 

sc catenttiimeantonmaemmammaiaenemnicemenumartertaca poamnonaat nd 

Nitrogen 

“Sem” | Guia ne | vapuats MB are 
Fasting. 

Rest........ 12.4 | "16 | 1,006 821 762 | 2 
Work 12.3 | 1,187 | 746} 4777 | 1072) 1 * 

AVERAGE Drev. 

Rest........ 17.0 | 928 | 1,918 981 832 | 8 
Work ....... 17.38 | 1,290 | 1,155 | 41,797 981 | 2 

ine A nee eH AER NANO ROONN ICR TNInntat Ragnar waaalmhiand i Anew niniemnentitnremernen tinned dunno is Milos sidin el emeahe omaitaaeinialnnanmeniaeatenmer nee 

These figures prove most decidedly that the protein con- 
stuuption is no greater during work than during rest, but 

enedamemndanedl 
saan iadeileuendiampeaianemeemehanaiee tenant ere seme 

* Zeitschrift f. Biologie, II , 478-500, 
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that, on the other hand, the consumption of fat, and as a 
result the excretion of carbonic acid and taking up of oxy- 
gen, is greatly increased, as is also the amount of water 
evaporated through lungs and skin. In hunger the differ- 
ence between the carbonic acid in rest and in work is more 
considerable (471 grammes) than on an average diet (281 
grammes) ; the oxygen shows a similar result, 310 grammes 
against 148 grammes, while the differences in the water 
evaporated are relatively less, viz., 956 and 796 grammes. 

One might perhaps be inclined to believe that while the 
total amount of albuminoids consumed in the twenty-four 
hours was the same, the amount was larger during the 
period of work, and correspondingly less during the hours 
of rest. In order to test this, the experiments were each 
divided into two parts, the time from 6 a.m. to 6 P.m., in 
the course of which the work was performed, being desig- 
nated as day, and the time from 6 p.m. to 6 a.m. as night. 
The following results were obtained for the nitrogen, car- 
bonic acid, and water excreted : 

@ 

FAstTINnG AVERAGE DIET, 

tern 

Rest. Work. Rest. Work, 

Day Night Day. | Night. Day. | Night Day Night 
Grma, | Grme | Grms. | Grms, Grms. | Grms. | Grms. | Grms 

ih penta 

Urinary nuitro- 
gen *.0.. 6. vate 5.32 5.91 6 35 8.88 799 8.95 812 

Carbonic acid.. | 403.00 | 812.00 | 930.00} 257.00 |} 538.00 | 395.00 | 856.00 | 353.00 

Water evapo- 
rated.... . | 454.00 | 867.00 /1,425.00 | 352.00 || 441.00 | 490.00 |1,065 00 | 662 00 

et 

* The slight differences between these figures and those of the table 

on p. 206 are due to discrepancies in the original account of the experi- 

ments 



208 MANUAL OF CATTLE-FREEDING. 

These results show, first, that the decompositions, both 
of protein and of non-nitrogenous matters, going on in the 
body are more active during the waking hours than at 
night, a fact which has been abundantly confirmed by 
other observations; and second, that the performance of 
muscwlar work during the day has practically no eftect on 
the extent of the protein consumption, while it largely in- 
creases the amount of carbonic acid and water exhaled 
during the day. 

That muscular exertion causes an increased excretion of 
carbonic acid and water is universally acknowledged ; but, 
in spite of the decisive results of Pettenkofer & Voit, and 
the corroborative results of various other investigators, thie 
fact of the constancy of the nitrogen excretion under the 
influence of work has been disputed. 

Excretion of Gaseous Nitrogen.—That under ordi- 

nary circumstances no excretion of free nitrogen from the 
body takes place has been already shown; but it has been 
sometimes claimed that in severe work a portion of the 
nitrogen coming froin the destruction of the albuminoids 
is excreted’ in the gaseous form through skin and lungs, 
and that consequently the protein consumption cannot be 
calculated from the urinary nitrogen. According to this, 
the close agreement observed in the above and many other 
experiments between the urinary nitrogen on the days of 
rest and work is entirely accidental—a thing which is cer- 
tainly very improbable of itself, and which is disproved by 
the following considerations and experimental results. 

If, in consequence of work, the total protein consump- 
tion is considerably increased, there must be a correspond- 
ingly inereased excretion of sulphuric and phosphoric acids 
in the urine; for with every portion of albuminoid tissue 
destroyed, the sulphur and phosphorus which it contains 



MANUAL OF CATTLE-FEEDING. 209 

must be oxidized to sulphuric and phosphoric acids and 
finally leave the body in the urine, since these acids cannot 
assume the gaseous form at the temperature of the body. 
In the above experiments the quantity of these acids was 
determined in the experiments made on an average dief, 
and the following results obtained : 

Sulphuric acid, {| Phosphoric acid. 
Grmb, Gris, 

Rest... eee eee ee cece cece eee 2.61 4,19 

Work... ccc cece cee ce eee eee e ean 2 57 4.11 

Lhe quantities in rest and work are identical within the 
limits of error. 

Keliner’s Experiments.—Almost all investigators who 
have experimented upon this subject have obtained results 
agreeing in the main with those of Pettenkofer & Voit, 
while most of those who have reached contrary conclusions 
have used palpably imperfect methods of experiment. 

Some late researches by Kellner * seem to indicate, how- 
ever, that Pettenkofer & Voit’s experiments may not cover 
the whule ground. In none of the experiments hitherto 
described was the work continued for any considerable 
length of time. In Voit’s experiments it was confined to 
periods of ten minutes each, and in those of Pettenkofer 

& Voit it was continued only for a few days at most, and 
under these circumstances caused no increase in the protein 
consumption. 

Kellner’s experiments were made at the I[lohenheim 
Experiment Station, on a horse. They included five 
periods of from one to two weeks each, during each of 
Ce eannas ea nN NRO 

*Landw. Jahibucher, VIII. 701. 
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which the work performed per day was the same, while 
the amount of fodder and its digestibility did not vary 
essentially during the whole series of experiments. The 
work performed was measured by a dynamometer con- 
structed for the purpose, and was as follows: 

Period DL... cece cece cere wees 475,000 kilogramme-metres, * 
ae 6 an 950,000 ‘ 
ee 6 0 Serna 1,425,000 ‘6 
a 0 950,000 ee 
en Sean 475,000 ‘ 

The digestibility of the food was determined directly. 
The following averages were obtained for the daily excre- 
tion of nitrogen and the total volume of the urine during 
the first and second halves and the whole of each period: 

Se eeaes eee neeneeeanatanaes ear 

NITROGEN IN URInz. VOLUME OF URINE. 

erp ee cteeee| Nitrogen | 
Period. of food.t 

Ist half, | 2d half Whole Grins. | Ist half. | 2d half. | Whole. 
Grms, Gime. Grms. Cc. C.G. C.C. 

| es rn re 99.0 | 184.41] .... | .... | 6,780 

II...... 107.6 | 111.0 | 109.8 | 128.82} 6,482 | 6,404 | 6,473 

TiT..... 113.2 | 120.5 | 116.8 | 182.72 | 7,773 | 8,439 | 8,106 

IV...... 112.6 | 107.7 | 110.2 | 126.40) 9,247 | 8,129 | 8,686 

Viiwaces 94.7 | 101.9 98.3 | 129.41 | 9,647 | 9,447 | 9,548 

These results show that “‘an increase of the protein con- 
sumption went hand in hand with the increase of the 
work ;” but whether the former was a direct result of the 

* A kilogramme-metre is the amount of force required to raise a 

weight of one kilogramme through the space of one metre, in opposi- 

tion to gravity. 

+ Landw. Jabrbticher, VITI., I. Supp., p. 77. 
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latter can be decided only after a careful consideration of 
all the factors which may have exerted an influence upon 
the protein consumption. 

Attention has already been called to the fact that an in- 
creased, excretion of water in the urine is accompanied by 
an increased excretion of nitrogen also. A glance at the 
table shows, however, that in these experiments the volume 
of the urine increased constantly from one period to an- 
other, and therefore cannot well have been the cause both 

of an increase and decrease of the ureal nitrogen. 
A second point to be considered is the effect of pro- 

longed work in altering the make-up of the body, especially 
as regards the proportion of fat. Jt has already been 
pointed out that muscular exertion causes an increased 
destruction of the fat of the body, and that this was the 
case in these experiments is shown by the gradual decrease 
of the weight of the animal during the first four periods, 
as follows: 

Average weight in Period Lo... ee eee cee eee 1,175 Ibs. 
ve we a 9 1,165 °° 
we ée C6 TTD oo ee eee eee 1,150 “ 
be 6“ sa 0 1,119 * 

Gs 66 on 1,140 ‘* 

Since, as shown by the table, the nitrogen excretion was 
less than the supply, this loss of weight must have been 
caused chiefly by a destruction of fat consequent upon the 
increased work. 

But, as shown in Chapter VI, the body-fat tends to di- 
minish the protein consumption, and, on the other hand, a 

loss of fat by the body would have the opposite tendency ; 
aud we have therefore to consider whether the variations 
in the protein consumption here observed can be explained 
in this way. Obviously the increase in the first three pe- 
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riods might have been due to this cause, but it was ob- 

served that in passing from Period IL]. to Period IV., 
and from this to Period V., the amount of ureal nitrogen 

sank at once to about the average for the respective periods. 
Thus, in the last four days of Period III. the average 

daily excretion of nitrogen was 124.4 grammes, and in the 
tirst four days of Period IV., 104.8 grammes. 

It is easily conceivable that, on passing from a period of 
more to one of less work, fat should be again laid up in 
the body and the protein consumption thus diminished, 
but it is evident that such an effect would be gradual, and 
we cannot imagine that it should cause any such sudden 
change as that just mentioned. 
We are consequently shut up to the conclusion that, 

under the conditions of these experiments, the protein 
consumption was greater or less according as more or less 
work was performed, and it would thus appear that while 
a moderate amount of work, like that performed in Voit’s 
experiments, does not sensibly increase the protein con- 
sumption in the body, long-continued exertion may, on 
the contrary, have that effect. 

It is of interest to note, in this connection, some experi- 
ments made in 1867 by T. It. Noyes,* then a student in 
the Yale Medical School. 

Ilis experiments were, in the main, confirmatory of 
Voit’s results, but in the case of one of the subjects, in 

whom the muscular exertion produced great fatigue and 
exhaustion, an increased excretion of urinary nitrogen was 
observed as a result of work, and the anthor suggests as 
possible that, while ordinary work does not increase the 
destruction of protein, exertion sufficient to produce ex- 

cam 

* Am, Jour, Med. Sci , Oct , 1867. 
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haustion may do so. This conclusion appears to be in 
harmony with Kellner’s results. 

§ 2. Tam Source or Muscutar Power. 

Thus far we have simply been considering experimental 
results, without regard to the conclusions to be diawn 
from them. We now come to their interpretation, and 
here it must be admitted, at the outset, that the knowledge 

as yet gained is insufficient to enable us to state with cer- 
tainty the source of muscular power. 
Any elaborate discussion of the question would be out 

of place here, and we shall simply endeavor to present 
some general considerations bearing on this point, and to 
indicate what seem, in the present state of our knowledge, 
to be the most probable conclusions. 

Increased Oxidation of Source of Power not ne- 
cessary.—At first thought the results detailed in the pre- 
ceding section seem to plainly indicate the non-nitroge- 
nous ingredients of the body as the source of muscular 
power, since these undergo an increased oxidation during 
work, while the protein does so at most only to a small ex- 
tent, if at all; and in fact many eminent physiologists hold 
that it is the decomposition of these bodies which supplies 
the energy for the production of work. 

But this is by no means a necessary conclusion. We 
must distinguish between the source and the consequence 
of muscular exertion. The continual decomposition of 
matter which gocs on in the living body must be accom- 
panied by the liberation of a corresponding amount of 
force. Part of this force is set free as heat, part probably 
as electricity, continual currents of which circulate in the 
living muscle. Now it is quite conceivable that, in mus- 
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cular exertion, part of this force is diverted from these 
channels, and takes the form of muscewar contraction, 

while the ¢ncrease in the oxidation of non-nitrogenous 
matter is a consequence, and not a cause, of the work. 

Voit, who believes the albuminoids to be the proaimate 
source of muscular power, advances this argument, and 
compares the constant decomposition of protein which 
goes on in the body to the constant flow of water in a 
stream. A mill situated by the stream may use the whole 
power of the water, a half, a quarter, or any desired frac- 

tion, without in the least altering the amount of water 
running past. So, according to him, the decomposition of 
protein in the body, which is the source of power to the 
muscles, goes on constantly, independently of whether the 
encrgy which is sect free takes the form of motion or ap- 
pears in some other shape. 

Pettenkofer & Voit (see Chapter VII.) have shown it 
to be at least very probable that protein in its decomposi- 
tion in the body takes up the elements of water and splits 
up into urea and fat; and it has been shown that 100 
parts of protein might produce in this way 51.4 parts of 
fat. This process, now, takes place during rest, and the 

supposition is quite plausible that during work the protein 
is decomposed completely into carbonic acid, water, and 
urea, and that thus the latent energy which would other- 

wise be stored up in the fat is applied to the production of 
motion. 

It is plain, however, that this argument may be used 
with equal force to show that the non-nitrogenous matteis 
of the body may be the source of museular power. 

in truth these considerations simply serve to show that 
a study of the effects of work cannot give us decisive in- 
formation as to its sowrce, both because the production of 
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muscular exertion does not necessarily imply an increased 

decomposition of the source of the power and because 

secondary effects may come in to vitiate our conclusions. 

We must, then, seek for further evidence. 

Force Value of Nutrients.—Much valuable evidence 

concerning the question under discussion may be gained 

by a consideration of the force value of food, and the ad- 

vocates of the non-nitrogenous matter as the source of 

muscular power rely largely, in support of their views, upon 

calculations of this sort, 2. é., calculations of the amount of 

force that can be liberated by the conversion of a certain 

amount of albuminoids, fat or carbhydrates into the final 

produets of their oxidation in the body, viz., carbonic acid, 

water and urea. 
The basis of this calculation is the amount of heat which 

the several nutrients evolve when burned. For example: 
one gramme of albumin, when completely burned, evolves 
a@ certain definite amount of heat; the urea from one 

gramme of albumin likewise evolves a definite, though 

smaller, amount when burned. Subtracting the latter 
from the former, we have left the amount of heat which 
would be produced by the conversion of one gramme of 
albumin into carbonic acid, water, and urea, and this 

amount, by a well-known law of physics, is equivalent toa 
certain fixed amount of mechanical motion —that is, 
work. 

Ilaving once obtained, then, accurate data as to the heat 
of combustion of each substance involved, and knowing 
the amount of work performed, we are able to estimate 
whether, in a given case, the amount of any substance or 
class of substances destroyed during the experiment is 
sufficient to set free the amount of force actually exerted. 

The earliest and best known experiment of this sort is 
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that made by Fick & Wislicenus,* in 1866. These ob- 
servers found that in the ascent of an Alpine peal (the 
Faulhorn) the amount of protein decomposed, as measured 
by the urea excreted, was not sufficient, according to their 
valculations, to yield the amount of force actually exerted 
in raising their bodies to the height of the mountain, al- 
though no allowance was made for the work of the internal 
organs or for those muscular exertions which did not con- 
tribute to the raising of their bodies, and though the heat 
of combustion of protein was, in the absence of positive 
data, assumed to be considerably higher than it was after- 
ward found to be by Frankland. 

Ilere we have a perfectly definite amount of work per- 
formed and the most favorable assumptions made on 
doubtful points, and yet we have a considerable deficit of 
force, if the albuminoids alone are taken into account. 

At the time when Fick & Wislicenus made their experi- 
ment no data as to the heat of combustion of the nutrients 
were available; but shortly afterward Franklandt+ took 
up the matter and made a large number of experiments 
with the object of accurately determining these important 
quantities. His results have served as the basis for several 
calculations similar to those of Fick & Wislicenus, most, 

if not all, of which have led to the same conclusion as did 
theirs, viz., that the observed decomposition of protein 
was insufficient to account for the amount of force actually 
exerted. 

‘These results, if trustworthy, show that at least a por- 
tion of the force exerted in muscular work must be con- 
tributed by other ingredients of the food than protein. 

* Phil Mag., XXXL, 485. 
{ Ibid , XXXII, 182. 
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No calculations seem to have been made regarding the re- 
lations of fat-consumption and work in this respect. 

Unfortunately, considerable uncertainty attaches to the 
very foundatiun on which all of these results rest, viz., the 
heat of combustion of protein. According to Voit, there 
is good reason to believe that in Frankland’s experiments 
the nitrogenous substances, especially, were incompletely 
burned, and that consequently his results on these bodies 
were too low, and Zuntz* has shown it to be at least 
probable that the heat of combustion of protein as deter- 
mined by Frankland should be increased more than 25 per 
cent., and that even then it may be considerably too low. 
But Frankland’s determinations are the only ones of this 
kind that we yet possess, and it is therefore evident that, 
until these are either proved to be accurate or replaced by 
others, no certain conclusions can be drawn from computa- 
tions of the force-value of food as to the production of 
muscular power, althongh such results as have been ob- 
tained on the present uncertain basis indicate strongly that 
the non-nitrogenous constituents of the food or body take 
part in the process. 

It may be added here that the increase in the protein- 
consumption observed in Kellner’s experiments was not 
sufficient to supply the extra force exerted in the second 
and third periods, even if the heat of combustion of pro- 
tein as corrected by Zuntz be used as the basis of the 
calculation. 

Conditions of Muscular Exertion.—If we turn from 
the study of the effects of muscular exertion to that of its 
conditions, we shall get much new light, and be helped to 

a more rational judgment of the theories as to its source. 

* Landw, Jahrbucher, VIII, 72. 

10 



218 MANUAL OF CATTLE-FEEDING. 

Presupposing the existence of a healthy and well-developed 

organism, we may specify four conditions as, from our 

point of view, the most important : 
1. The facts of common experience appear to show un- 

mistakably that a liberal supply of protein in the food is 

one of the conditions of any sustained muscular exertion. 

Working animals must receive not only an abundance of 

food, but of food rich in protein, and the more severe the 

work, the more concentrated must be the food; and the 

same fact is equally true of the human animal. This, 

however, does not necessitate the conclusion that the pro- 

tein is the source of the power exerted: its decomposition, 

as we have seen, goes on independently of muscular exer- 

tion, and may be regarded as simply one of the conditions 

of the healthy activity of the muscles or of their normal 

nutrition. \ 
2. The largely increased excretion of carbonic acid and 

water during work indicates a necessity for a liberal supply 
also of the non-nitrogenous constituents of food. At need, 
however, this demand may be supplied by the albuminoids 
or perhaps by fat already formed in the body. 

8. An essential condition of continued activity of the 
muscles is the constant removal from them by the circula- 
tion of the carbonic acid and other chemical products 
formed duing contraction. Certain of these products, 
notably lactic acid and acid potassium phosphate, if allowed: 
to accumulate in the muscle, produce the sensation of 
weariness and shortly incapacitate it for further action. If 
they be removed, either by the blood or by injection of a 
weak salt solution, the muscle is again capable of work ; 
while, if they be injected intoa fresh muscle, they produce 
the same effect as if naturally formed there. The same 
accumulation of waste products goes on in the muscle after 
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death, and the rigor mortis is caused by the solidification 
of the jelly-like wyostn, which is albv one of the substances 
formed in muscular action. 

4, A most important condition of continued muscular 
activity is found in the capacity which the body has of 
storing up within itself, during rest, a reserve of force, to 
be used later as demands are made upon it. 

After working for a certain tine we experience a feeling 
of fatigue, or, if the exertion be continued long enough, of 
exhaustion, and require a period of rest before the muscles 
are capable of again performing work. The same thing is 
true of the involuntary muscles. ven those which, like 
the heart and the respiratory muscles, seem to work con- 
tinually, really have relatively long intervals of rest between 
each exertion. Thus, the heart is calculated to be at rest 
for about one-third of the time. Work is only possible 
when alternated with periods of rest; and while the ner- 
vous system has undoubtedly much to do with the need for 
rest, there is no doubt that it is also required by the mus- 
cles, to enable them to repair the waste occasioned by 
work. 

This well-known fact is sufficient to show that the force 
of muscular exertion is not produced by a direct combus- 
tion of muscle substance by means of the oxygen of the 
blood, as coal is burned under a boiler, since, if this were 

the case, there would be no reason why it should not go 

on indefinitely. It is the sudden utilization of latent en- 
ergy which has been laid up during rest. 

That the seat of this latent energy is in the muscles 
themselves is shown by the fact that they are capable of 
contraction for a time after their blood-supply has been 
ent off, or even after their removal from the body. A 

frog’s heart, when removed from the body and £reed from 
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all blood by injection of a weak solution of salt, will con- 
tinue to beat for hours, and the whole animal, under the 
same circumstances, moves, leaps, and behaves in short 
like a living animal. Agassiz relates that on one occasion , 
he captured a shark, which fought as long and fiercely as 
is usual with these animals, but which, when finally se- 
cured, was found to have its gills eaten through by para- 
sites, and almost all its blood replaced by sea-water. 
(Liebig.) 

In cases like these, the products of the muscular action 
being continually removed by the salt solution, etc., the 
muscles may continue active until their store of force is 
exhausted. Like a bent spring, the muscle contains a cer- 
tain amount of potential energy, which the will can use at 
pleasure ; but when the supply is once exhausted, when the 
spring has lost its tension, a further supply of force from 
without is necessary before more work can be performed. 
We have to consider, then, in what manner and by 

means of what substances this storing up of energy takes 
place. 

Storing up of Oxygen.—It would appear that the 
storing up of oxygen in the body which has been shown 
by Pettenkofer & Voit and by Henneberg (see pp. 85-87) 
to take place under certain circumstances, is connected with 
the storing up of energy. 

In the following tables are given the amounts of car- 
bonic acid excreted and of oxygen taken up in two of Pet- 
tenkofer & Voit’s experiments which strikingly illustrate 
this point. The numbers in the column headed “ Jt” are 
relative, and show how many grammes of oxygen appeared 
in the excreted carbonic acid for every hundred grammes 
taken up from the atmosphere. 

These experiments are included in the averages on p. 207. 
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AVERAGE DiET—REST. 

Carbonic acid Oxygen taken 
excreted. up. R. 
Grms. Grms. 

G A.M. to GO P.Mo. ee cc cee ewe eeee 538 235 175 

GPM. to GAM... Cece cece eens 379 474 58 

6 A.M. tO 6 A.M... ec eee eee ene 912 709 94 

AVERAGE DreT——WoRK. 

GAM. G06 P.Me.. cece eee cee eeeee 884.6 293.8 218 

6 P.M. t0G6 AM... cc. ewe eee 399.6 660.1 44. 

G6 A.M. t0 6 A.M... ce. e eee ee eeee 1,284.2 953.9 98 

It will be observed that while in each ease more car- 
bonic acid was excreted by day than by night, the larger 
amount of oxygen was taken up during the night. More- 

over, the numbers in the last column show that at least a 

very considerable part of the carbonic acid excreted dur- 
ing the day must have been formed at the cost of oxygen 
already present in the body, since that taken up from the 
air during the same time was far less than the amount 
contained in the excreted carbonic acid. 
A comparison of the two experiments also shows that 

of the increase of the carbonic acid excretion caused by 

work (372.2 grammes), by far the larger part (351.6 
grammes) occurred during the hours when the work was 

performed, while the oxygen taken up during the same time 

increased only 58.8 grammes, against 186.1 grammes in the 

following night. 
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Further experiments by the same investigators, while 
not always yielding as striking results as did these two, 
contirmed in the main the conclusions drawn from thei. 
It was found, it is true, that the storing up of oxygen did 
not always take place by night, as in these expernnents ; 
but the fact that oxygen may be retained in the body in 
considerable quantities was fully established. 

One other important point was observed in Henneberg’s 
earlier experiments on this subject, viz., that the greatest 
storing up of oxygen took place in those experiments in 
which the fodder was richest in albuminoids. 

These experiments extended over only twelve hours, 
corresponding to the “day” half of Pettenkofer & Voit’s 
experiments, and in almost every case it was found that 
the carbonic acid excreted contained more oxygen than 
was taken up by the body during the same time, thus show- 
ing a formation of carbonic acid at the expense of oxygen 
previously stored up. The following summary of the re- 
sults shows that this excess of oxygen was, in general, 
greatest in those cases where most albuminoids were fed : 

Number | Protein of fod- | Oxygen taken Oxygen mm car- 
of Experi ser i boni¢ acid. Ratio of the two. 

Le...| 0.79 4 25 5 42 1:1.28 
Revsceee 0.82 2 63 d 34 1: 1.65 

wees 0.80 3.20 4.65 1:1.45 

ee eenes 0.89 3.83 6.01 1:1.57 

0.78 5.20 6.67 1:1.28 

Y *2.60 3.00 7.13 1: 2.38 

1:2 24 Bo... | 2.51 8.40 7.68 
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This alternate storing up and giving off of oxygen by 
the body has also been observed in physiological experi- 
nents of an entirely different character, which can only be 
alluded to here. 

That the stormg up of energy is connected with the 
storing up of oxygen is indicated by a few experiments by 
Pettenkofer & Voit on two diseases in which the patient 
is almost incapable of muscular exertion, viz., diabetes and 
leukemia. In these experiments the total excretion and 
the total amount of food were not much different from 
those in health; but there was no such storing up of oxy- 
gen as in the healthy organism, and there was also, as is 
usual in these diseases, an almost entire lack of strength. 

But Pettenkofer & Voit’s and Henneberg’s results are 
especially valuable for our present purpose because they 
show that muscular power does not have its origin in a 
simple oxidation but in the “explosive” decomposition, 
independently of oxygen, of material already prepared in 
the muscle, a conclusion to which we are also led by the 
fact, already noted, that the muscle is able to perform 
work for a considerable time independently of oxygen, 
provided the resulting decomposition products are re- 
moved. 
Conclusions.— We have learned in the foregoing pages 

that, presupposing the existence of a healthy and well- 
nourished organism, muscular exertion is possible when 
the chemical products of the action are removed from the 
muscles, and when the body has had the ability and op- 
portunity to lay up a sture of latent energy; that this stor- 
ing up of energy is effected by the entrance of oxygen 

from the air into combination with the organic substances 

of the muscles; that when work is performed this oxygen 

reappears in combination with carbon and hydrogen as car- 
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bonic acid, water, and other products; that this process re- 

sults in an increased excretion of carbonic acid and water, 

while the excretion of nitrogen remains, in most cases at 

least, unaltered; and finally, that the amount of work per- 

formed is in many cases greater than can be accounted for 

by the amount of protein which the urinary nitrogen shows 

to have been decomposed. 
All these facts are well ascertained, and they enable us 

to frame an hypothesis which, though confessedly but a 

rough and approximate one, is still considered by many 

high authorities to accord more closely with the facts of 

the case and with our general conceptions of vital activity 

than those which place the source of muscular power in 

protein on the one hand, or non-nitrogenous matters on 
the other. 

This hypothesis supposes that during rest some of the 
substances of the muscle-cells decompose into simpler com- 
pounds, and in so doing set free their latent energy, and 
that this energy, instead of appearing as heat, etc., 1s used 

to build up out of other constituents of the cell a still more 
complex compound, containing more potential energy than 
its components, just as one portion of society may acquire 
wealth at the expense of another portion without increas- 
ing the total wealth of the community. 

The substances which are thus -“synthesized” are pro- 
tein, non-nitrogenous matter from the blood, and oxygen. 
The hypothetical compound thus formed, after accumulat- 
ing to a certain extent, decomposes during rest as rapidly 
as it is formed. When the muscle is called on to perform 
work, however, it splits up rapidly, yielding carbonic acid, 

water, and other non-nitrogenons matters, and a nitro- 
genous compound, and giving forth the amount of force 
which was required to form it. The non-nitrogenous sub- 
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stances which are formed are supposed to be rapidly ex- 
creted, while the nitrogenous product, instead of undergo- 
ing further decomposition, is used over again to re-form 
the hypothetical substance. 

This view has much in its favor. Various syntheses, 
more or less like that above outlined, are known to take 

place in the body; and, moreover, we have seen that all 
the facts seem to indicate that muscular force originates in 
a splitting up of some substance in the muscle, rather than 
in any process of oxidation In the ordinary sense of the 
word. 

The hypothesis explains the object of the storing up of 
oxygen in the body during rest, and its connection with 
the laying up of a reserve of force: the oxygen enters into 
the supposed complex compound much as the nitric-acid 
radicle enters into nitro-glycerine or gun-cotton—it is held 
in a state of unstable equilibrium, ready to enter into new 
and simpler relations with its neighboring atoms and to 
set free the force by which it was placed in its unstable 
position. The. hypothesis also brings that necessity for 
albuminoids in the food of the laboring animal which 
practical experience has shown to exist, into harmony with 
the fact that there is no greater excretion of nitrogen dur- 
ing work than during rest. Furthermore, it shows why 
we need rest after work. In the first place, the circula- 
tion must have an opportunity to remove those waste 
products which accumulate in the working muscle faster 
than they can be carried off, and in the second place a 
fresh supply of force must be stored up in the way des- 
cribed before it is ready to be used at the command of the 
will. 

Finally the assumption of a complex “ contractile mate- 
rial” is in harmony with the results obtained by Fick & 

10* 
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Wislicenus and others regarding the force value of the 
nutrients, since it does not place the source of muscular 
power in the albuminoids alone but in the joint action of 
these and of non-nitrogenous matters. 

It is possible that Mellner’s results, if confirmed by 
further investigation, may modify this hypothesis some- 
what. They at least suggest that when, under the influ- 
ence of protracted work, the reserve of “contractile mate- 
rial” runs low, the protein of the muscle may be used to 
supply the deficiency. 

In any case, it must be remembered that this hypothe- 
sis is only a provisional one. Much work remains to be 
done before we can have a full understanding of this im- 
portant subject, and the chief value of such an hyputhesis 
as this is to co-ordinate and arrange our knowledge, and 
serve as the basis for fuither research. 

§ 3. InTERNAL WORK. 

In the two previous sections we have been considering 
one particular form of work, viz., muscular éxertion. 

As pointed out at the beginning of this chapter, there 
are other forms of work which, though less obvious, are 
of equal or even greater importance, and we now turn our 
attention to these, grouping them under the convenient, if 
not strictly accurate, name of internal work. 

The internal work of the body may be of three princi- 
pal kinds: muscular work of the internal organs, produc- 
tion of heat, and of chemical changes. 

Muscurar Work or Inrernat Orcans.—The activity 
of many of the most important internal organs involves 
considerable muscular action, e. g., in the heart, the respi- 
ratory muscles, and the digestive apparatus. Of these, 
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the work of the two former is tolerably constant, and 
makes pretty uniform demands on the latent energy sup- 
plied by the food, while the labor performed by the di- 
gestive apparatus is more variable, being relatively greater 
with a bulky than with a concentrated fodder, and is like- 
wise greater at or near the time of feeding than at other 
times. 
Henneberg’s Experiments.—We have already learned 

that muscular exertion increases the excretion of carbonic 
acid, but not notably that of urea. Henneberg * has shown 
that the same is true of the work of the digestive organs, 
so far, at least, as the excretion of carbonic acid is con- 

cerned. 
In one series of respiration experiments on sheep the 

animals were fed chiefly during the day, while in a second 
series they received most of their fodder in the night. 
The numbers in the following table give in grammes per 
day the results obtained on two sheep taken together: 

FEEDING CHIEFLY BY Day. 

Fopprr (HAY). CaRBONIO AcxD. oor te & cap. 
Number of Exper 

ment rr 

Day. Night Day. Night, Day. Night. 
Grms Grmis. Grms, Grms, | Per cent. | Per cent. 

1 and 2.......... 1,809 624 877 756 54 46 

Band 4......... 1,824 | 684 | 777 | 691 53 AY 

5B and 6.......... 1,736 720 864 715 55 45 

enerernetenatietarmminmmmetiaity | ii | TET naMiaIAtenLETgiRtiaeenttity | rRiatRArNeRRNNiNeiAiieiid® | eRe RTT AHSReH GERRI, 

* Neue Beitrage, etc, 1871, p. 157. 
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FEEDING CHIEFLY By NIGHT. 

Re 

Or 100 Parcs 
Fopper (Hay) CaRBontc ACID. CARBONIC ACID. 

Number of Experi- 
ment | 

Day Night Day Night Day Night 

Grms Grms Grms, Grms Per Cont. | Per Cent, 

1and2..........| 590 | 1,685 | 719 | 806 AY 58 

Band 4.. .......| 663 1,588 706 842 46 54 

5and6..........| 586 1,499 693 815 A6 d4 

Average.......| 610 1,591 706 821 46 54 

The increased work caused by the feeding by day in 

one case, and by night in the other, resulted immediately in 

an increased excretion of carbonic acid. 

It is probable that the difference observed in these ex- 

periments is chiefly the expression of the amount of work 

involved in chewing and rumination, since the alimentary 

canal always contains more or less fodder; but at the 

same time it gives us a useful hint of the amount of 

work required in the digestion of the bulky fodder of 

herbivorous animals. 
Saving of Work by Concentrated Fodder.—A cer- 

tain amount of work by the digestive organs is, of course, 

necessary and unavoidable, but it is evident that the amount 

of this work will be reduced by the use of as concentrated 

fodder as possible. 
That is, the less the proportion of indigestible matters 

contained in a fodder, the less of the fodder will have to 

be eaten and worked over by the animal in order that it 
may obtain the amounts of the several nutrients which it 
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requires. If we could eliminate the indigestible matters 
entirely from the fodder of an animal, we should effect 
the greatest possible economy of work by the digestive 
organs, and could produce an equal nutritive effect with 
a correspondingly smaller amount of digestible nutrients, 
since, as explained on p. 203, the production of work of 
any kind implies a destruction of the constituents of the 
body, which loss must finally be supplied by the food. 
Such an extreme case is purely suppositious, but obviously, 
the nearer we approach to it by the use of fodders contain- 
ing a large proportion of digestible matter, the greater will 
be the saving of work, althongh we have no accurate data 
regarding the amount of the saving which could thus be 
made. In Miller’s system of exclusive meal-feeding, it is 
probable that a portion, at least, of the saving in fodder 
is due to the less amount of work imposed on the digestive 
organs. 

In practice, however, considerations of profit come in to 

modify the conclusions just drawn. 

Asa general rule,a given number of pounds of digestible 

matter can be had more cheaply in the form of coarse fod- 

der, such as hay, straw, etc., than in the more concentrated 

fodders, like the grains, which contains less indigestible mat- 

ter. Moreover, ruminating animals are adapted by nature 

to extract the nutritive matters from coarse fodder as com- 

pletely as possible, so that it is obvious that under some 

circumstances it may be more profitable to feed almost 

exclusively coarse fodder (in wintering stock, for example), 

while in other cases, ¢. g., fattening, where a rapid produc- 

tion is desired, the greater cost of concentrated fodders may 

be more than covered by the economy of digestive labor 

and the consequent saving of material which they cause. 

Provucrion or Hear.—The continual chemical changes 
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going on in the body, like similar changes outside the 

body, give rise to a liberation of heat. Indeed, all the 

force conveyed to the body by the food leaves it either as 

motion or heat, all the actions of the internal organs, all 

the molecular labor of the nervous and other tissues, etc., 

being finally converted into heat. It has been estimated 

by eminent authorities that, in man, of the total energy 

represented by the food, from four-tifths to five-siaths 

takes the form of heat. This production of heat, of course, 

implies a corresponding consumption of food-material, 

just as the production of heat in a stove implies the con- 

sumption of fuel; so that it is evident that any change in 

the amount of heat set free has a direct effect on the de- 

mands of the body for food and on the results of feeding. 

Vital Heat.—The bodies of warm-blooded animals 
(birds and mammals) maintain a very constant temperature 
at all times, in spite of great variations in the temperature 
of their surroundings. The production of vital heat, as it 
is called, by the oxidation of food-elements, and the losses of 
it to which the body is subject, are so balanced as to result 
in keeping the temperature of the body at from 95° to 
104° F., a variation of more than a degree or two from the 
normal temperature of an animal indicating serious dis- 
turbance of the organisin. 

This regulation of the vital heat appears to be effected 
in two ways: first, by variations in the loss, and second, 

by variations in the production. The chief sources of loss 
of heat by the body are: 

1. Conduction and Radiation from the Skin. 
2. Evaporation of Water from the Skin and Lungs. 
3. Warming of the Ingesta (Food and Drink). 
These we will take up in their order and consider how 

in each case the balance of the vital heat is kept up. 
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Conduction and Radiation from the Skin.—This is 
one of the principal sources of loss of heat by the body, and 
also the one which is most susceptible toregulation. Henne- 
berg,* in his respiration experiments on sheep, already 
cited, estimates that the total amount of heat produced by 
the animals experimented on was applied as follows: 

To warming the ingesta ........e ee ee eee en ene 4.0 per cent. 

‘ ‘ “inspired A172, ....0. 0. eee eeeaee 4.2 “ 
‘¢ evaporation of water... ..... 6c cece cence 26.7 “e 

‘* supply loss by radiation, etc.........60..6. 65.1“ 

Experiments on man have given very similar results. 
Plainly, the greater the amount of blood passing through 

the vessels of the skin, the more heat will be lost, while, 

on the other hand, a diminution in the current of blood 

will check the loss of heat. 
Now when the skin is exposed to cold, as, for example, 

to cold air or to the water of a cold bath, the capillaries of 
the skin are contracted and the blood-vessels of the vis- 
cera expanded, thus diverting a portion of the blood from 
the former to the latter and sometimes causing a rise of 
temperature in the interior of the body. 

Conversely, under the influence of warmth the capillaries 
of the skin dilate, admitting more blood, and thus effecting 
a cooling of the latter. To this is to be added the loss of 
heat by the evaporation of the perspiration, to which atten- 
tion will be called on subsequent pages. 

In this manner the loss of heat from the surface of the 
body is regulated in accordance with the external tem- 
perature, but there are numerous experiments which show 

that under such circumstances the production of heat 

also varies, though we have but little knowledge of the 
el sertraline eat eer) smemetante minaarenpamens Pree ra nett oan 

* Neue Beitrige, etc., 1871, p 227. 
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means by which these variations are effected. It lias 

been shown by numerous observations on rabbits, guinea- 

pigs, and cats that, in warm-blooded animals, exposure to 

cold largely increases both the consumption of oxygen and 
the excretion of carbonic acid, thus showing a greater 
activity of the chemical processes in the body and pre- 
sumably an increased production of heat, while warmth, on 

the other hand, has the converse effect, diminishing the 
amount of chemical change in the body. 

The following selection from the results obtained by 
Theodor * in an extensive series of experiments on a cat 
will serve to illustrate these facts. Each experiment lasted 
six hours. 

Carbonic Oxygen Carbonic Oxygen 
Temperature. acid tahen ap. Temperature, acid tak ye np 
Deg. Cent. excreted, Grms. Deg. Cent. excreted, Grns. 

Grms. Grimms, . 

—5.5.......- 19.83 17.48 +12.3...... 17.63 17.71 

—3.0........| 18.42 18 .26 +16.8...... 15.73 14.74 

+0.2........) 18.24 19.95 $20.1...... 14.34 12.78 

+5.0......../ 17,90 14,82 +29.6.....- 13.12 10.87 
Rapes sine terete iene onidicettm saretrnareemeian ts tess Blech ARSC hapten emer REPT A PapaA 1th Amato a> amen RAtRsiTrnPin Atmel amt teeter 

In some of these experiments considerable motion on 
the part of the animal took place, which may have influ- 
enced the result, and Voit + therefore executed a series of 
similar experiments on aman. The man weighed about 
156 lbs., and, after having been exposed for some time to 

the temperature whose effect was to be observed, passed 
six hours in the respiration apparatus fasting and im com- 
plete rest. In this time he excreted the following quanti- 
ties of carbonic acid and nitrogen: 

Ts cinere elon nentninciadiendaaa aeemeneeniiaaaah aeneneeiaesieneamideetienmdearmieammaneenenenentenemeemmmnnmaanmeimeniniamuaiinaineel —— ee a A tt, ne 

* Zeit. £. Biologie, XIV., 51, 
+ Ibid., XIV., 57. 
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Co: 210.7% 4.23 2s a 164.8 3.40 

6.5.2... ee. 206.0 4.05 24.2. eae 166.5 3.34 

9.0........-. 192.0 4.20 26.7........| 160.0 3.97 

14.3......... 155.1 3.81 80.0. ....... 170.6 wanes 

16.2........- 158.3 4.00 

The increased excretion of carbonic acid in the cold as 
compared with an ordinary temperature of 14° to 15° C. 
(about 60° F.) is as marked in these experiments as in the 
preceding ones, but above that temperature a slightly in- 
creased excretion wasobserved. The excretion of nitrogen 
is seen to vary in the same way, though to a small extent, 
indicating an increased protein consumption as a result of 
exposure to a low temperature. 

These results show plainly how great an influence the 
temperature of its surroundings may have on the amount 
of fodder required by animals, and confirm the conclusion 
drawn from many practical experiments, that it is desirable 
to protect animals from extreme cold. 

In conclusion, it should be said that the action of a low 

temperature of the surrounding medium appears to be, in 
the first place, on the nerves, and that only through them 
does it cause a greater activity of the chemical processes in 
the body and an increased production of heat. 

It has been shown by Pfliiger that when this action of 
the nerves is hindered, the activity of chemical change in 
the body is increased by heat and decreased by cold, just 
as many chemical processes outside the body are, and as is 
the case normally in cold-blooded animals. 
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Evaporation of Water.—An important regulator of 
the temperature of the body is the evaporation of water, 
especially from the skin. 

In the conversion of any liquid into vapor, a very con- 
siderable amount of heat is absorbed, and becomes latent 

in the vapor. This absorption of heat during vaporization 
may be rendered evident to the senses by wetting the hand 
with some volatile liquid, such as alcohol or ether, and 
moving it through the air to hasten evaporation. In the 
same way, the evaporation of water from the skin, which 
is constantly going on, cools the latter; and though the 
effect is less noticeable than with a more volatile liquid, on 
account of the greater slowness of the evaporation, the 
total amount of heat thus abstracted from the body is very 
considerable, amounting, according to Henneberg (p. 231), 
in the case of sheep, tu nearly 27 per cent. of the total loss 
of heat. 

The conversion of one gramme of water at the tempera- 
ture of the body into vapor of the same temperature 
requires 580 heat units, an amount equal to that produced 
by the combustion of 0.148 grammes of organic matter 
having the composition of starch, and corresponding to an 
excretion of 0.241 grammes of carbonic acid. In the ex- 
periments by Henneberg just mentioned, the average daily 
excretion of water from lungs and skin was 881.7 grammes, 
which, according to the above figures, required for its 
evaporation as much heat as wonld be produced by the 
combustion of 130.5 grammes of starch, while the average 
amount of carbhydrates digested per day was 464.3 
grammes. Consequently, if the loss of heat by evapora- 
tion was supplied by the combustion of these substances, 
about 28 per cent. of them was thus consumed. 

Such results as this, of which many might be cited, show 
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us plainly both the importance of the process of evapora- 
tion as a regulator of the vital heat, and the great waste of 
fodder that may be caused by an undue increase in the 
perspiration. 

The regulation of the temperature of the body by the 
perspiration, especially the sensible perspiration (sweat), is 
too familiar to require more than a simple mention ; but 
the effect of increased perspiration in augmenting the ex- 
cretion of carbonic acid is of greater importance for our 
present purpose. This effect is shown in these same ex- 
periments by Ilenneberg. 

In the following table his results are arranged according 
to the amount of carbonic acid excreted. The numbers 
refer to the two animals taken together : 

Tempera- Hay fed. | Water drunk. Carbonic acid Water Urinary nitro- 

Doe Cent. | GYMS: Grms. “Gre | Gms. | gems. 

93...... 2.508 Q757 1,468 1.238 14.81 

127......} 2,085 (2) 1,508 1,578 15 42 

14d...) 2,275 8,198 1,525 1,601 16.91 

13.6...... 2.241 (?) 1,548 1,680 15.59 

13.7......| 2,459 3,038 1,579 1,780 15.56 

13.7......| 2,448 3,876 1,688 1,650 16.02 

Tt is evident at once that in every case but the last an 

increased evaporation of water and an increased excretion 

of carbonic acid accompany each other; but whether the 

latter is a result of the former can be determined only 

after the possible influence of all the other factors which 

influence the excretion of carbonic acid has been consid- 



236 MANUAL OF CATTLE-FEEDING. 

ered. These are, in this case, the amount of food, the 

amount of water drunk, and the temperature. 
That the amount of food has an important influence on 

the amount of carbonic acid excreted is a well-established 
fact, and is well illustrated by a sev@nth experiment on the 
same two sheep, in which all food was withheld for a single 
day. The carbonic acid excretion sank at once to 837 
grammes, or scarcely more than half that previously ob- 
served. 

In these six experiments, however, although the amount 
of fodder eaten varied somewhat, no connection can be 

traced between its amount and that of the carbonic acid. 
The same is true of the amonnt of water drunk, while 

the lowest temperature (2.¢., the one which should cause 
the greatest activity of the oxidations in the body) coin- 
cides with the minimum of carbonic acid. 
We must therefore conclude that there is a connection 

between the carbonic acid excretion and the evaporation 
of water, and that an increased evaporation causes more 
material to be oxidized in the body, in order to make good 
the resulting loss of heat. 

Henneberg’s experiments are the only ones which we 
yet possess on this important subject, but they suffice to 
show its practical importance and the desirability of fur- 
ther experiments in the same direction. 
A direct influence of the amount of water evaporated 

upon the protein consumption does not seem to be indi- 
cated by these experiments. 
Warming Ingesta.—A considerable quantity of heat 

(according to Henneberg, about + per cent.) is consumed in 
raising the food and drink of an animal to the temperature 
of its body. Of this amount, by far the larger part is 
used in warming the water of the ingesta, both on account 
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of its large amotint and because a greater quantity of heat 
is required tu increase the temperature of a pound of water 
one degrce than is sufficient to effect the same change in a 
pound of any other substance. 

The effect of excessive drinking on the production of 
flesh and fat has already been mentioned in the two pre- 
ceding chapters, and there can be little doubt that a part, 
at least, of this effect is due to the demand for heat thus 
made on the system. 

The last line of the table on p. 235 affords an illustra- 
tion of the influence of the amount of water drunk on the 
excretion of carbonic acid. Although the quantity of 
water evaporated is less than in the two preceding cases, 
more carbonic acid is excreted, evidently on account of the 
considerably larger amount of water drunk. It is notice- 
able that the urinary nitrogen in this experiment is also 
more than in most of the others. 

Further examples of the infinence of the quantity of 
water drunk upon the decomposition of matter in the 
organism might be given, but the few results which have 
as yet been reached in this direction, while they afford im- 
portant practical hints, are still so meagre that no very ex- 
tended conclusions can be based on them. 

Practical Conclusions.—In the foregoing pages we 
hare seen that the production of heat makes large demands 
on the food supply of an animal, and that various cireum- 
stances may influence the amount of heat produced and 
thus effect an economy or a waste of fodder. There re- 
mains to be considered the practical application of these 
facts to the feeding and care of cattle. 

Temperature of Stable—lIt is evident that the warmer 
the air of the stable is kept the less heat the animals will 

lose by radiation, and consequently the greater will be the 
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saving of fodder effected. If this were the only circum- 
stance to be considered, the greatest economy would result 
trom keeping the surroundings of the animal at the same 
temperature as its body, for then no heat would be lost by 
radiation, 
A high temperature, however, tends to increase the per- 

spiration, which, as we have learned, demands considerable 
heat for its evaporation ; so that the saving effected by the 
diminished radiation consequent on a high temperature 
may be more than counterbalanced by the loss due to the 
greater amount of perspiration evaporated. To this is to 
be added the fact that the animals are also led to drink 
more water, thus still further increasing, or tending to in- 
crease, the consumption both of protem and fat in the 
body. 

It thus becomes evident that the most favorable balance 
between these two opposing factors, and consequently the 
most economical production, may take place at a medium 
temperature, and this conclusion is one which accords with 
the general experience of farmers. 

That the least expenditure of material by the body takes 
place at a medium temperature is very clearly shown by 
Voit’s experiments, cited on p. 233. 

Finally, the question of profit comes in. Warming the 
stable in winter involves a certain amount of expense; 
leaving it cold also involves a certain amount of expense, 
viz., the cost of the excess of fodder required by the ani- 
mals. It isa question to be settled by the circumstances 
of each particular case which method of procedure is, on 
the whole, more profitable. 
Amount of Drink.—As already pointed out, excessive 

drinking tends to increase the consumption of matter in 
the animal body, and thus to decrease the profits of the 
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feeding. It therefore becomes the interest of the feeder 

to restrict the amount of water drunk by his animals to 

that required for health. This is estimated by Wolff at 

four pounds per pound of dry matter uf the fodder for 

cattle, and two pounds for sheep, this amount including 

that present in the fodder. The more watery the fodder 

the less drink is necessary. 

Naturally, the amount of water drunk will, in most 

cases, be left to the instinct of the animal, and regulated 

only by avoidance of those conditions which, like tuo large 

rations of salt, too high temperature of the stable, etc., in- 

crease the desire of the animals to drink. 

Finally, there is no doubt that it would be advantageous, 

when practicable, to supply animals with water warmed at 

least somewhat above the freezing temperature, since it 

would seem that at least one chief object of the increased 

protein and fat consumption caused by excessive drinking 

is to produce heat to warm the water to the temperature 

of the body. 
Still more is it desirable, in the wintering of stock, not 

to compel them to satisfy their thirst with snow or ice, 

since not only must these be warmed, but they must be 

melted, and the conversion of one pound of ice at 32° F. 

into water of the same temperature requires somewhat 

less than twice the amount of heat needed to warm one 

pound of water from 32° to the temperature of the body. 

All this heat comes directly from the combustion of tissue, 

and is just so much subtracted from the net results of 

feeding, and consequently from the feeder’s pocket. 

Cooking Fodder.—A portion of the advantage frequently 

claimed to result from cooking and steaming fodder un- 

doubtedly arises from the fact that the fodder is eaten 

while still warm, and that thusa certain amount of the sul- 
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stance of the animal, which would otherwise be burned in 
warming the food, is rendered available for other purpuses. 
This fact, in connection with the increased palatability of 
the fodder and the consequently greater consumption of 
it, probably explains the favorable results frequently ob- 
tained by means of this practice, and at the same time 
renders it evident that its profitableness must depend on 
circumstances. Under some conditions, the gain thus 
eifected might repay the expense, while under other con- 
ditions it might be more economical to let the cattle warm 
their own food. 

Propvotion or Cyemican Ornancrs.—The food being, 
as already explained, the means by which supplies of force 
are Introduced into the body, it is evident that any change 
taking place in the constituents of the food before they 
become part of the body by which any of the force which 
they contain is liberated, involves an equivalent loss to 
the organism. It is asif the fuel which is to drive the 
engine were partially burned before being put under the 
boiler. 

Such changes actually take place in the food to some ex- 
tent during digestion. For example, we have all along 
assumed that the carbhydrates yield grape-sugar in the 
alimentary canal, and all calculations of rations are based 
on that assamption. In the main it is probably correct ; 
but it is known that portions of these bodies suffer still 
further decomposition and yield lactic acid. In this pro- 
cess some of the latent force of the carbhydrates appears 
as heat, and the resulting lactic acid and other products 
are less valuable to the body by just the amount of force 
thus liberated. 

It was stated on page 64, that many good authorities con- 
sider that the digestion of cellulose consists essentially in 
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a kind of fermentation. Little is known of this process, 
but it is not improbable that the small quantities of marsh- 
gas and hydrogen exhaled by ruminants have their source 
in it, and this fact indicates that a considerable part of the 
latent energy of the cellulose is liberated during its diges- 
tion. 

This raises the question whether the various carbhy- 
drates are equally valuable as nutrients—a question which 
has, as yet, received scarcely any attention. Their equiva- 
lency has been assumed and made the basis of the calculation 
of rations, simply because, in the lack of all evidence, this 
was the only practicable method. It is quite probable that 
this assumption does not involve any very great error, 
except, perhaps, in the case of cellulose; but the actual 
comparative value of these substances can be determined 
only when we know, jirst, how much latent energy each 
contains, and, second, how much of this energy is liberated 
during digestion. 

This is, of course, equally true of the other classes af 
nutrients; * but the study of this subject can hardly be 
said to have begun, and the only object’ of mentioning it 
here is to show how provisional are our present methods 
of estimating the value of fodders, and to guard the reader 
against the error of considering them final-and conclusive. 
They are of great value and have rendered very important 
service; it is certain that they are not grossly erroneous. 
At the same time, no good and much harm may come 
from an unintelligent overestimate of their accuracy and 
value. 

The so-called synthetic chemical actions (that is, forma- 
eenwranereesenaletpapntnh ete tt hAtltee RN RT rh INET preted ERRNO TREISMAN dai arent ho aumnnemncninntetegerianepiaten aah tant ALOR 

* The few results which have been obtained on the albuminoids will 

be mentioned in another connection. They indicate that the vegetable 

and animal albummoids are practically equivalent. 

11 
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tions of complex substances from simpler ones), of which 
many have been shown to take place in the body, also de- 

mand a supply of force for their performance. Thus the 
production of the true “contractile substance” of the 
muscles (see p. 224), if such a substance exists, from pio- 

tein and non-nitrogenous matter, must absorb and render 

latent large amounts of force coming from the simultaneous 
oxidation of other materials. 

Such processes, however, have no significance to the 
feeder, since the force thus rendered latent is not with- 

drawn from the body, but is set free again in it when the 

complex substance is decomposed. 
Inriucncc or Srmmutanrs.—The influence of stimulants 

upon the chemical processes in the body has been but little 
investigated. 

Voit’s experiments on coffee * seem to indicate that this 
substance, at least, has practically no effect upon the pro- 
tein consumption in the dog. On the other hand, it would 
seem that the oxidation of non-nitrogenous matters may be 
considerably affected by nervous influences, such as cold, 
stimulation of the skin, light, sound, etc. The fact that 
the excretion of carbonic acid is less during sleep also 
points in the same direction. 

There appear to be no experiments on farm animals 
touching this point, but we may safely conclude from the 
facts known concerning other animals, as well as from 
practical experience, that nervous excitement, produced 
by rough treatment, noise, etc., is unfavorable to the best 
results of feeding. 

* “ Untersuchungen uber den Einfluss des Kochsalzes, Kaffee’s, etc., 
auf den Stoffwechsel,” 



PART IL 

THE FEEDING-STUFFS. 

CHAPTER I. 

DIGESTIBILITY. 

A suBSTANCE Is said to be digestible if, when eaten, it 
can either be taken up directly by the absorbent vessels of 
the stomach and intestines, or is capable of being altered 
by the digestive fluids into substances which can be thus 
resorbed. The pure nutrients (except, perhaps, cellulose) 
may be considered to be wholly digestible, thus justifying 
their name, but as they occur in feeding-stuffs various 
circumstances conspire to prevent their entire digestion. 

In the first place, as has already been more than once 
pointed out, our methods of fodder analysis are very im- 
perfect, and serve only to divide the substances contained 
in the fodder into groups of more or less similar matters. 
All the nitrogenous matters are—or have hitherto been— 
included under the albuminoids, all the substances soluble 
in ether under fat, etc., while the nitrogen-free extract, 
being determined by difference, includes everything not 
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belonging to the other four classes. It is evident that, be- 
sides real nutrients, each of these groups of substances 
may include many things which are wholly indigestible, 
and hence that, although pure protein, for esample, may 
be wholly digestible, the “crude protein” of hay or straw 
may be only partially digestible, as is actually the case. 

Furthermore, a substance which of itself is entirely di- 
gestible may be so enclosed in indigestible matters as 
largely or entirely to escape the action of the digestive 
fluids. 

For example, seeds which are swallowed whole gener- 
ally escape digestion, in spite of the fact that they consist 
largely of digestible matters, because their hard outer coat- 
ings shut up the latter in an impervious shell. Similarly, 
if the walls of a single cell are so hard and woody as to be 
unacted on by the juices of the alimentary canal, the con- 

tents of the cell may pass through the animal without 

being digested. 
Finally, the relative quantities of the several nutrients 

in the fodder of an animal have a mutual influence on the 

amount of each digested. Thus, if a fodder be made over- 

rich in starch, the digestibility of the albuminoids is de- 
ereased, and, at the same time, a portion of the starch 

escapes digestion. 
All these considerations render it obvious that a simple 

analysis is not sufficient to determine the value of a feed- 
ing-stuff, but that the digestibility of its constituents must 

be taken into account, either by direct experiment or by 
reference to the results of previous experiments. 

In this chapter we shall consider such general principles 
as experiment has established regarding the digestibility, 
first, of coarse fodder, and second, of the concentrated 
bye-fodders, under the influence of various conditions, and 
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in the following ones take up in detail the properties and 
digestibility of the more important feeding-stuffs. 

In this connection it is important to distinguish between 
deyestibility and euse of digestion. 
By the digestibility of a feeding-stuff, or any ingredient 

of it, we mean the eatent to which it is digested under 
ordinary conditions. If, in a digestion experiment, one- 
half of the crude protem of a certain feeding-stuff is di- 
gested, we eapress the digestibility of that nutrient by the 
number 50—that is, 50 per cent. of it was digested. If 
the digestibility of the crude fibre of a certain sample of 
hay is said to be 40, it means that 40 per cent. of it was 
digested. These numbers, expressing the percentage of 
the several nutrients of a fodder which is digestible, are 
called digestion coefficients. 

In general, a high digestibility will naturally accompany 
easy digestibility, but this may not always be the case, and 
the two conceptions are entirely distinct. 

§1. Diasestrpinrty or Taz Nurrrents or Coarse Fopper. 

By the term “ coarse fodder” we designate the various 
kinds of grass, hay, and straw, corn-fodder, stover, and, 
in short, all kinds of forage, whether fed green or dry. 
Coarse fodder commonly consists of the stalks and leaves 
of the plants, and is rich in woody fibre. Under ordi- 
nary circumstances it forms the bulk of the fodder of 
farm-animals, with the exception of the hog. 

In this section we shall consider the digestibility of the 
several nutrients of coarse fodder when this is fed exclu- 
sively, taking up subsequently the influence of the quality 
ot the fodder and of the presence of concentrated bye-fod- 
ders on the digestibility of the ration. 
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The Weende Experiments,—The foundations of our 
knowledge of the digestibility of feeding-stuffs were laid 
by the labors of Henneberg & Stohmann, at the Weende 
Experiment Station near Gottingen. Their experiments 
began in the year 1858, and in 1860 they published their 
first results, under the title “ Beitrége zur Begriindung 
einer rationellen Fiitterung der Wiederkduer,” of which a 
second volume appeared in 1863-64. Further experi- 
ments were made in 1863-64 by G. Kiihn, H. Schulze 
and Aronstein,* under [lenneberg’s direction, and in 1865 

by Henneberg.t 
All these experiments were made on mature oxen, and 

gave results regarding the digestibility of feeding-stutis, 
particularly of coarse fodder, which subsequent investiga- 
tions on these and other animals have served only to con- 
firm, while they still form the basis of our feeding stand- 
ards for oxen. 

To these same investigators is likewise due the credit of 
developing and perfecting methods of experiment adapted 
to such researches, and which can hardly be said to have 
existed before, so that the Weende experiments may be 
considered to mark the beginning of a new era in the 
stience of feeding. 

Since their publication innumerable feeding experiments 
have been made, involving determinations of the digesti- 
bility of various feeding-stuffs, the results of which, in all 
important points, have been the same as those reached in 
Weende. It is far beyond the scope of this work to give 
even a partial account of these experiments, and we must 
content ourselves with selecting a few results to illustrate 
each point as it is brought up. 

—ettiny ne tot Le tte RRA Re Seat MRT et RLLe AY ein rei 

~* Jour, f. Landwirthschaft, 1865, p. 283; 1866, p. 269, and 1867, p. 1. 

t Neue Beitrige, etc., Heft 1, p. 287. 
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Crude Fibre Digestible-—As has been already stated 
in a preceding chapter, a portion of the crude fibre of 
coarse fodders is digestible. This fact is so well ascer- 
tained, and has been so uniformly observed, that no special 
proofs of it need be brought forward here. The amount 
digested varies, according to the quality of the fodder and 
other circumstances, from 25 per cent. to as high as 70 per 
cent. of the total quantity. 

The ruminants, in particular, have the power of digest- 
ing large amounts of crude fibre, a power due, doubtless, 
to the great extent of their alimentary canal and the length 
of time during which the food remains in it. They are 
hence especially adapted to the consumption of coarse 
fodder, such as hay and straw, and can extract from it 
considerable quantities of nutrients, while the horse stands 
considerably below them in this respect, and the hog 
seems, like the carnivorous animals and man, to be able to 
digest only young and tender fibre, such as is found in 
roots and in young and juicy green fodder. 

The Digested Portion is Cellulose-——The “crude 

fibre” obtained in analysis is a mixture of cellulose and 
“lionin,” but the digested portion has been shown to con- 

sist of cellulose only, which has exactly the composition of 
starch (p. 89) and therefore is assumed to have the same 

nutritive value as the latter.* 
This fact has been deduced by a comparison of the ele- 

mentary composition of the crude fibre of the fodder and 

of the excrement, as in the following example—an experl- 

ment. made at Weende in 1860-61. 
The fodder was wheat-straw, and 52 per cent. of its 

erude fibre was digested, while 48 per cent. was found in 

* Compare page 241. 
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the excrement. The original crude fibre of the fodder and 
that of the excrement had the following composition re- 
spectively : 

Fodder. Excrement. 

Carbon ........ ee wae meee nee cereteesneees 45 4 48.1 

HEydrogen.. .... ce eee eee cece we ener enees 6.3 6.8 

Oxygen.,.... bene een ene e ene ee sweet enacens 48.3 45 1 

100.0 100.0 

The following calculation gives us the composition of 
the digested portion : 

Carbon. | Hydrogen. ; Oxygen. 

In 100 parts of crude fibre of fodder...) 45.4 6.3 48 3 

“ 48 5 é “6 dung....) 23,09 3 26 21 65 

Difference = 52 parts of digested crude 
Gbre. .. kee cee cece cee eee eee 22.31 3.04 26 65 

In 100 parts of digested crude fibre....| 42.9 5.7 51 4 

“ ** cellulose. .... 6.6.0.0. 44.4, 6.2 49 , 4. 

The above numbers are simply intended to illustrate the 
method of calculation; in other and later experiments a 
much closer correspondence with theory has been obtained. 
For example, the average of eleven experiments made in 
Weende in 1863-64, on various kinds of coarse fodder, and 
with every precaution, was the following, which corresponds 
as closely as can be expected in such experiments with the 
composition of pure cellulose : 



MANUAL OF CATTLE-FEEDING. 249 

Pure 
Digested. . cellulose. 

Carbon... .. cece ee ccccaaccavecerscearece 44 27 44.4 

Hydrogen... ccc cece ee cee ewe ee eeceeans 6.31 6.2 

OXYZON. oe cece eee eee e ee ee ne eeas 49 42 49.4 

In these experiments the true cellulose in fodder and 
excrements was determined by a method proposed by I’. 
Schulze, and from the data thus obtained the absolute 
amounts of cellulose digested in each experiment were cal- 
culated. ‘The results were practically identical, as the fol- 
lowing table shows, with the amount of crude fibre 
digested, thus furnishing another proof that the latter con- 
sisted of cellulose. 

hate onmmnee 

Crude fibre} Cellulose 
No. of Experiment. digested. digested Difference. 

| a 2.01 2 12 +011 

Decca cecc ev enenceceeacevenaeeceenaee 1.91 2.16 +0.25 

: cote cece meee ree ese eseee 3.92 3.87 —0.05 

srr eee ene cere tena ee scans 4.63 4.47 —0,16 

Bocce cee cece renee teeta este tee of 4 81 4.35 — 0.26 

y 4A 37 4.02 —0.35 

Boece wee ten eee mete etenene cee 4 38 4 13 —0.25 
treseomemetaanary 

By no means the whole of the cellulose of coarse fodder 
is digested, but its percentage digestibility is consider- 
ably greater than that of the “ crude fibre.” 

Witrogen-free Extract.—While a part of the erude 
fibre is always digested, especially by ruminants, a part of 
the so-called nitrogen-free extract, on the other hand, is 

11* 
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not digested, or is at least, even if present in an easily 
soluble form, not resorbed, but excreted with the dung. 
Compensation.—It is a noteworthy fact that a com- 

pensution takes place between the digested portion of the 
crude fibre and the undigested portion of the nitrogen-free 
extract. That is to say, these two quantities are always 
nearly equal, so that the amount of the nitrogen-free ex- 
tract found by analysis 7s an approximate measure of the di- 
gestibility of the total non-nitrogenous matters of the fodder, 
exclusive of fat* (4.e., erude fibre + nitrogen-free extract). 

This fact, however, is only true in a general way and on 
the average. In particular cases considerable variations 
are not infrequent, so that the quantity of non-nitrogenons 
substance digested varies from sometimes 120 per cent. to 
as low as 80 per cent., or even less, of the amount of 
nitrogen-free extract found by analysis, the theoretical 
number being, of course, 100 per cent. 

It has been observed in several cases that the exactness 
of the compensation between the digested crude fibre and 
the undigested extract is influenced by the digestibility of 
the crnde fibre. 

Thus Stohmann,}+ who was the first to call attention to 
this fact, obtained in experiments on goats, the following 
figures for meadow hay: 

Hay 
Hay Hay Hay No. 3, 
No. 1. No. 2. No. 38, | (Another 

animal.) 

Digestible fibre and extract in per 
cent of nitrogen-free extract... | 97 86 82 73 

Digestibility of crude fibre........ 63 6 58.0 51.0 446 
emaaaladneacenemademeiaiabsannemmanmetes enamnen eanumeecanimmaeneme nammeeniaa meme ase — ee ern 

* The fat is sometimes included. Its amount is so small as to make 

little difference practically 

t ‘‘ Biologische Studien,” 1 Heft, p. 72. 
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Here it is evident that with increasing indigestibility of 
the crude fibre the amount of digestible non-nitrogenous 
matters falls more and more below the quantity of nitro- 
gen-free extract, while only in the first case are the two 
approximately equal. 

Other investigators have confirmed this result, and it 
has also been shown that the decrease in the digestibility 
of the total non-nitrogenous matter is, at least in some 
cases, less rapid than that in the digestibility of the crude 
fibre. 

The younger and more tender a fodder is, the smaller 
is generally its percentage of crude fibre, and the greater 
is the digestibility of the latter. As a consequence, the 
whole amount of non-nitrogenous matters digested from 
such a fodder is generally larger, in comparison with the 
quantity of nitrogen-free extract, than is the case with one 
eut at a more advanced period of growth. 

As an example of this may be mentioned some experi- 
ments on sheep made by Wolff, at Hohenheim, in which 
the animals were fed with green clover cut at four differ- 
ent periods of growth, No. 1 being the youngest and No. 
4 the oldest. The first line (.) of the table gives the per- 
centage obtained by dividing the quantity of non-nitroge- 
nous matter actually digested by the amount of nitrogen- 
free extract found by analysis, and hence shows how much 
the amount actually digested varied from the theoretical 
amount. The second line (6.) gives the percentage of the 
crude fibre which was digested. 

No. 1. No. 2. No 3. No. 4, 

(a ) 111.9 105.5 101.8 88 5 

(B.) 60.0 53 0 49.6 38.8 
 cameaaninaaenant 
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In No. 1 and No. 2, whose crude fibre was easily digest- 
ible, the actual amount of non-nitrogenous nutrients di- 

gested was greater than that calculated; in No. 3 the two 

were nearly equal; in No. 4, where the erude fibre was 

less digestible, it was only 88.5 per cent. of the theoretical 

amount. 

It is obvious, from such results as these, that while the 

compensation between digested crude fibre and undigested 

nitrogen-free extract may be an aid in forming an estimate 

of the digestibility of a fodder, it is not sufficiently close 
to serve as the basis of exact calculations. 

Recent experiments on the horse, to which reference 
will be made in subsequent pages, have shown that crude 
fibre is less digestible by this animal than by ruminants, 
and that consequently this compensation only takes place 
in very young and tender fodder. 

Composition of Digestible Portion of Nitrogen-free 

Extract.—It has been shown, by essentially the same 
method as that applied to crude fibre, that the digestible 
portion of the nitrogen-free extract has very nearly the 
composition of starch. 
We may therefore assume that all the digestible non-ni- 

trogenous substances of the fodder, with the exception of 
the fat, are, like starch itself, converted into sugar or sugar- 

like substances, and as such are resorbed and taken into 

the circulation. 
Further exceptions to this rule are the small quantities 

of organic acids either contained ready formed in the fod- 
der or produced during digestion from the carbhydrates. 

The quantity of these, however, is very small, and we 

can,* in general, regard all the digestible non-nitrogenous 
end ements RO 

* With the reservations made on p. 184. 
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matter of the fodder, except the fat, as composed of carb- 
hydrates and as having the same functions in nutrition as 
sugar and starch have been proved to have in the experi- 
ments which have been detailed in Part I. 

Composition of Undigested Nitrogen-free Extract. 

—The part of the nitrogen-free extract which remains 
undigested is a -mixture of various substances richer in 
carbon than the carbhydrates and having, as a whole, 
nearly the percentage composition of lignin, as given on 
p- 39. 

It is therefore a matter of comparative indifference in 
fodder analyses, whether the lignin dissolves in the acid 
and alkaline liquids used to isolate the cellulose or remains 
with the latter as incrusting substance. In one case it ap- 
pears in the results of analyses as part of the nitrogen-free 
extract, in the other, as crude fibre; in both cases it reap- 
pears in the excrements and leaves the total quantity and 
quality of the digested nutrients the same, and the only 
effect of a variation of this sort would be on the compen- 
sation between the undigested extract and the digested 
fibre. 

The Aqueous Extract.—From the numerous experi- 
ments executed in Weende on oxen and sheep, the law has 
been deduced that the total quantity of solid matter that 
can be extracted from a fodder by boiling water, 2. ¢., the 
aqueous extract, is a measure of the digestible portion of 
the nitrogen-free extract. In single cases, however, con- 
siderable variations from the rule were observed on both 
sides of the average, amounting to as much as 14 per 

cent. 

This method of judging of the quality of coarse fodder 

has not found any general application, for the reason that 

no necessary connection exists between the digestible ni- 
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trogen-free extract and the amount of substances soluble 

in water, since the latter includes not only non-nitrogenous 

matters but also larger or smaller quantities of protein 

and ash. 
The rule is to be considered as, at best, a purely empiri- 

cal one, which, to be sure, has some value for practical 

purposes, since in general the digestibility of a coarse or 

green fodder is greater the more solid matter can be ex- 

tracted from it by boiling water, but to which no scientific 

value can be attached. 
Crude Fat—That the crude fat, or rather the ether 

extract, of the coarse fodders is a mixture of the most 

various substances, some of which are digestible and some 

indigestible, has been already explained. The chlorophyll, 

or green coloring matter of plants, is soluble in ether, but 

seems to be entirely indigestible, and the was-like sub- 

stances most probably belong to the same category. 

It is therefore to be expected that the digestibility of the 
crude fat will be very different according to the kind and 
quality of the fodder. It is always greater in young and 
tender plants than in older ones, and it has also been ob- 
served that the crude fat of clover hay and of the straw of 
the legumes is generally more digestible than of that of 
meadow hay and the straw of the cereals. 

Crude Protein—The digestibility of crude protein in 
the various kinds of coarse fodder is subject to greater 
variations than that of almost any other constituent. Of 
the protein in clover hay and meadow hay, é. g., a quantity 
varying, according to circumstances, from 35 per cent. to 
75 per cent. of the total amount is digested. Generally 
the protein is more easily and completely digested the 
greater the percentage of it contained in the fodder, 7. ¢., 
the narrower the nutritive ratio. At the same time, the 
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quantity and quality of the crude fibre has an influence on 
its digestibility. 
Formule for Digestibility of Protein.—As we have 

seen, the digestibility of the non-nitrogenous matters of a 
coarse fodder, with the exception of the small quantity of 
fat which it contains, can be estimated from the results of 

analysis with sufficient accuracy for practical purposes, al- 
though not with scientific exactness. 

Unfortunately, we have no such simple means of esti- 
mating the digestibility of the crude protein, although the 
attempt has more than once been made to supply one in 
the shape of a formula which should enable us to deter- 
mine the digestibility of the crude protein of a fodder or 
of a ration by calculations based on its composition. These 
formulee ard, of course, all empirical, being founded on the 
results of as many feeding experiments as possible. 

In view of the importance of protein in nutrition, and 
the great variability which experiment has shown to exist 
in its digestibility, the advantages to be derived from a 
correct formula of this sort are manifest. Nevertheless, 
none of the various formule which have been proposed 
have met with much favor, and it seems to be the opinion 

of the best authorities that it is yet too soon to attempt 
their formation. 

All these formule aim to express the influence of the 
chemical composition of the fodder or ration on the diges- 
tibility of its proteim—an influence which, though an im- 
portant one, is by no means the only factor involved. As 
regards coarse fodder alone, they offer little advantage 
over the intelligent use of “ digestion coefficients,” and the 
less since the results obtained by their aid sometimes vary 
widely from the truth. In the case of a ration including 
considerable concentrated fodder, they seem to yield more 
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exact results, and may prove of value to test the corre- 

spondence of a ration with the feeding standard, though 

they would be of but little use in compounding it. For 

this purpose, Stohmann’s formula* is probably the best. 

It is the following: 
Pp Pen 

PS ity3 

in which p’ represents the digestible protein, y the total 
“crude protein,” and s the total non-nitrogenous matters of 
the ration, including fat. 

This formula makes the digestibility of the protein de- 
pend on the relative amounts of nitrogenous and non- 
nitrogenous nutrients, ignoring the influence of the amount 
of crude fibre. For this reason, it appears to give better 
results when applied to rations containing much concen- 
trated fudder than when used for those composed eaclu- 
sively of coarse fodder. 

Finally, it must never be forgotten that these formule 
are entirely different from those of the mathematician. 
They do not, like those, express necessary truths, nor are 
they deduced from any well recognized natural law. They 
are inductions, and depend for their value on the number 
and accuracy of the observations upon which they are 
based. They may be of much value, but we must beware 
of trusting them too implicitly. 

In regard to the digestibility of the protein of the 
coarse fodders, much that is of importance and can find 
application in practice has already been ascertained. On 
the more important kinds of coarse fodder large numbers 
of digestion experiments have been made, and we are able 
to give, as the results of these, coefficients expressing the 

* Landw. Versuchs-Stationen, XI , 401, 
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average digestibility of the protein and the other ingre- 
dients of fodders as well as the range of variation ob- 
served. (See table in Appendix.) Some of these num- 
bers are the average of more than fifty experiments, 
and therefore may be regarded as expressing, with con- 
siderable accuracy, the average digestibility of these sub- 
stances. Others are the result of only a few trials, and 
hence are more liable to correction by the results of new 
experiments. Furthermore, we are able to judge, to some 
extent, of the digestibility of the protein in coarse fodder of 
different qualities and cut in varions stages of growth, and 
of its digestibility by different kinds of animals, and have 
acquired some knowledge of the influence exerted upon it 
by the addition of concentrated feeding-stuffs to the ra- 
tion. These points will be considered in the following 
sections. 

Non-Protein.— Besides protein, coarse fodder, especially 
when cut young, is likely to contain a greater or less 
quantity of amides and other nitrogenous substances which 
we may, for convenience, designate as non-protein. These, 
so far as investigated, are soluble substances, and there 

is little doubt that they are easily and completely di- 
gested. 

In all the statements of the previous paragraph reference 
was had to “ernde protein,” that is, to the total nitro- 
genous matters of the fodder. If account be taken of the 
amount of “non-protein ” present, the digestibility of the 
true protein would; of course, be less; but how much less 
future investigations must show. 

Ash.—Phosphorie Acid.—When ruminants are fed 
exclusively on coarse fodder, only traces of phosphoric 
acid are found in theirurine. Only so much of the phos- 
phoric acid of the fodder seems to be resorbed as is neces- 
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sary for whatever formation of new tissue or of milk may 

take place; all the rest is excreted in the dung. On the 

other hand, the urine of the ruminants is, like that of the 

carnivora, very rich in phosphoric acid (20 to 45 per cent. 

of the ash) when the animals are fed exclusively on milk, 

or when full-grown animals are deprived of food for 

several days, so that they finally subsist upon their own 

flesh and fat. When calves and lambs are fed large quan- 

tities of grain, a greater or less quantity of phosphoric acid 
always appears in the urine. 

The method of excretion of the phosphoric acid of the 
fodder therefore varies with the kind of feeding. Accord- 
ing to Liebig, phosphoric acid is absent from the wrine of 
herbivora because this liquid is usually alkaline and be- 
cause the fodder usually contains much lime. Phosphate 
of lime is insoluble in alkaline fluids, and therefore phos- 
phoric acid only appears in the urine when more is con- 
tained in the fodder than is sufficient to unite with the 
lime. Presence of magnesia, on the other hand, as Dert- 
ram * has recently shown, does not hinder the appearance 
of phosphoric acid in the urine, even though the latter be 
alkaline. "When this takes place the urine is found to be 
free from lime. 

Other Ash Ingredients —Of the alkalies of the fodder 
95 to 97 per cent., of the magnesia 20 to 30 per cent., of 
the lime only 2 to 5 per cent. and sometimes none, and of 
the sulphuric acid and chlorine, nearly the whole quantity, 
is excreted in the urine. The remainder of the above- 
named ash ingredients, so far as they are not held back and 
used in the body or in the production of milk, is found, 
along with the whole of the silica, in the dung. 

* Biedermann’s Central Blatt, Jahrg 8, p. 108. 
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§ 2. CIRCUMSTANCES AFFECTING THE DIGESTIBILITY OF COARSE 

FoDDER. 

Influence of the Quantity of Fodder.—Feeding vary- 

ing quantities per day and head of the same coarse fodder 

does not alter the percentage digestibility of the various 

nutrients. £.g., if on a certain ration of hay an animal 

digests 76 per cent. of the total quantity of crude protein, 

and the amount of the ration be increased by one-third or 

one-fourth, 76 per cent. of the protein will still be digested, 

and the absolute quantity will accordingly be one-third or 

one-fourth greater. 
This fact is shown by a number of the Weende experi- 

ments in which varying quantities of meadow hay or 

clover hay were fed to oxen, and also in experiments by 

Wolff,* at Hohenheim, on sheep fed on clover-hay. 

In the latter experiments the following results were ob- 

tained : 

DIGESTED. 

TYodder per day. Nitrogen. 

Pounds. Protein Fat Orude fibre free 
Per cent Per cent. Per cent extract 

Per cent, 

ee | a | | ene 

Bocce cee wees ec neeeeaunes 59 55 51 63 

Deccan cew rescence uscsase 61 56 54 64 

Dic accereceeacscneterences 60 54 51 63 

rr pp cekunmen smnenl senneenaderntineerttasiainnteeciitirm meres eet pment st Stine FREAD ANCEE TAOBAO AT NT IT NA A I Ne el 

Some later experiments by the same investigator + have 

shown that the same fact is true of the digestibility of 

lucerne hay by sheep and likewise by the horse. The re- 

sults on the latter aniinal were as follows: 

* “Die Versuchs-Station Hohenheim,” p. 75. 
+ Landw. Versuchs-Stationen, XXT., 20, 

* 



260 MANUAL OF CATILE-PEEDING. 

Meee mestem iti 

DrGESTED. 

Fodder per day. Nutr gen- 
, 

Pounds. Protein. Fat. Crude fibre. tree 

Per cent. Per cent, Per cent, extract. 
Per cent. 

1 de | 74. ee 33 70 

a | 73 . 37 71 

26 4. a ee weenie 8 Paes eae ememet 77 ae 43 42 

A point to be considered is that all the observations 

hitherto made have been only on meadow hay, clover, 
and lucerne, of good or medium quality; but the same fact 
is, in all probability, true also for the more indigestible 
fodders, such as straw, cliaff, ete. 

This constancy is very important, and facilitates greatly 
the calculation of rations for the various purposes of agri- 
cultural practice. 

Effect of Drying.—All the nutrients of dry coarse fod- 

der are digested and resorbed to the same extent as when 
it is fed green. 

Of the numerous experiments on this point, the follow- 
ing, by Weiske,* may serve as an example. They were 
made on two sheep, with lucerne, which was first fed 
green, and then after having been carefully dried without 
loss. ‘The averages of the results on both animals were: 

DIGESTED, 

Protein Orude fibre, Fat a Nitrogens 
Per cent Per cent, Per cent. Per cent, 

Green Cr Oe 79 33 38 68 

Dry..... cnc neterene renee 78 34 50 65 
re nanan rine nae e? reeeieeen anh em meet 

* Wolff: ‘*D.e Hrnahrung der Landw N utzthiere,” p. 97%. 
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With the exception of the fat, whose digestibility, as we 
have seen, cannot be determined very accurately, the seve- 
ral nutrients were equally well digested in the two cases. 

This result, which has been fully confirmed by many 
other experiments, stands in apparent contradiction to the 
general experience of farmers. 

it must be remembered, however, that it is only true when 
the green fodder and the hay are otherwise of exactly the 
same quality; when both are cut at the same time and 
from the same field, and when none of the leaves or other 

tender and especially nutritious parts are lost during the 
preparation of the hay. 

These conditions are never completely reached in prac- 
tice, especially in the making of clover or lucerne hay, and 
for this reason, and also because green fodder is commonly 
used at an earlier stage of growth than that which is con- 
verted into hay, a greater nutritive effect is generally ob- 
served with green fodder. 

For the present we may pass over the question whether 
the large quantity of water which milking animals con- 
sume in green fodder exercises any considerable influence 
on the amount of milk produced, but the digestibility of 
the organic constituents of a fodder is in no way altered 
by simple drying in the air, provided it is executed with- 
out loss of parts of the plants. 

On the other hand, the ordinary method of making hay 
involves a considerable loss of leaves, etc., and the product 
suffers not only in its quality, as shown by chemical analy- 
sis, but in its digestibility as well. 

For example, in some experiments at Hohenheim, by 
Wolff, Funke, and Kellner,* the loss involved in the prep- 

cpmeaamenenonial 

* Landw. Versuchs Stationen, XXI., 425. 
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aration of lucerne hay amounted to 7.18 per cent. of the 
dry matter, and the composition and digestibility of the 
resulting product, as compared with that obtained by dry- 
ing the same material without loss, were as follows: 

‘eer 

COMPOSITION, DIGESTIBILITY. 

D i d 743 

without loss.) Hay. witinout loss. Hay. 

Protein... .... cc ce ee ee eee es 17.00 14.94 71 67 

Crude fibre... ... cece ee eee 31.81 33.90 48 45 

Nitrogen-free extract..... ; 
43 80 44 22 66 62 

Fat ... cee cee eens 

ASD woe seccccwccccsccuces 7.39 6.94. 29 20 
Drea iamenemnenee reel ih maw 

100.00 | 100.00 

Effect of Storing.—The storing of fodder for a long 
time, even when all necessary precautions, such as a dry 
and airy location, etc., are observed, may decrease both its 
digestibility and palatability. 

At least, this conclusion can be drawn from some experi- 
ments executed in Hohenheim.* Of the crude protein of 
a sample of rowen, 62 per cent. was found digestible 
directly after the harvest, while three months later 56 per 
cent., and in the following spring 54 per cent., of the total 
quantity was digested by the same animals. The digesti- 
bility of the crude fibre also decreased somewhat, while 
that of the other nutrients remained about the same. <A 
similar fact was observed by Hofmeister+ in regard to 
clover hay, and essentially the same results were also ob- 
tained in later experiments in Hohenheim. 

erate emanate te Alem natant start ie eon lhl inp dau ape 

*Landw. Jahrbiicher, IT., 282. 

+ Landw. Versuchs-Stationen, XVI., 853. 
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In all the Hohenheim experiments, the chemical compo- 
sition of the fodder remained substantially unchanged, and 
the deterioration showed itself in a diminished digesti- 
bility. Whether, however, the smaller nutritive value of 
hay and straw kept over winter, which is often observed in 
practice, even when the hay has apparently kept excellent- 
ly, is caused by an essential alteration in the digestibility 
of the fodder, or is to be sought chiefly in the mechanical 
loss of the more nutritious parts, which always takes place 
to some extent, and in decreased palatability, must be left 
to future researches to decide. 

Period 6f Growth.—Early cut forage is not only supe- 
rior, other things being equal, to late cut, as regards its 
chemical composition, but it excells it in digestibility as well. 

This fact is established by abundance of experimental 
evidence. In some experiments by G. Kiihn,* oxen were 
fed with clover hay cut from the same field at three 
different times, viz. : 

I. Cut May 20, just before flowering. 
II. “ June 7, in full bloom. 

Til. “ “ 20, end of flowering. 

The composition and digestibility of the water-free sub- 
stance of these hays were the following: 

COMPOSITION, 

Protein. | Crude fibre, Fat. Nitrogen. Ash. 
free extract. Per cent. Per cent. Per cent. Per cent, Per cent. 

Sener eee cite ee) 

19.56 25 30 2.25 45 52 10.10 

16.31 28.11 2.87 44.95 7.76 

13.19 28.80 2 86 48 37 6.78 
i saahidainatmmnenemeniteaametenemtnetouamenenenes ty ist em A: oe ett 

* Wolff: ‘‘ Ernaihrung Landw. Nutzthiere,” p. 106. 



264 MANUAL OF CATTLE-FEEDING. 

DIGESTIBILITY. 

Nitrogen- 
Protein Crude fibre Fat Ash 
> ° frec cxtract 
Per cent Per cent Per cent Pu eent. Per cent. 

| 76 51 58 70 | canes 

1} sees 65 4? 64 68 . 

A 0S pe 59 40 60 66 | .,... 

In experiments made at Hohenheim on clover cut at 
four stages of growth and fed to sheep, a similar decrease 
of the digestibility with increasing age was observed, that 
of the protein falling from 75 to 59, and that of the crude- 
fibre from 60 to 89. Many other similar experiments 
might be cited. 

Another circumstance which increases the feeding value 
of early cut forage is the fact that it is not only more 
digestible, but contains a much larger percentage of crude 
protein than is found in that cut later. The difference in 
the actual quantity of protein digested is thus larger in a 
two-fold ratio in early cut fodder. Thus, in the above- 
mentioned experiments by G. Kuhn, the quantity of pro- 
tein actually digested amounted, in the first case (I.), to 

13.9 per cent. of the total dry matter of the fodder; in 
the last case (III.) to only 7.8 per cent. 

These facts make it evident that the same kind of coarse 
fodder may differ greatly in its nutritive effect, according 
to the circumstances under which it is grown and har- 
vested. 

In considering these results, however, it is to be remem- 
bered that, as regards protein, the coefficients express the 
digestibility of the total nitrogenous matters, both albumi- 
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noids and non-albuminoids. As we have seen, recent in- 
vestigations have revealed the presence of large amounts 
of “‘non-protein” in coarse fodder, especially in the earlier 
stages of its growth. This non-protein is, in all proba 
bility, entirely digestible, and it is easily to be seen that 
its presence might affect the correctness of the above re- 
sults. 

The only experiments touching this point are a few by 
Wolff * on sheep and on a horse, with hay cut from the 
same field in two different years. These gave the fol- 
lowing digestion coefficients, a for total nitrogenous matter, 
6 for true protein : 

SHEEP. FLoRsE. 

Fodder cut. 

a. 6 a. %. 

April 24, 1874............. 79 1 73 3 ones were 

May 18, ‘* occ e eee cone 711 64 3 wes wees 

June lO, * LL... e eee eee 69.1 64.2 eee wees 

May 14, 1877 ............. 73 3 59.1 68 8 52 1 

June 9, ‘** cc... cece eee 72 1 66 7 66 1 59 6 

ae re 55.5 51.9 61 8 58.7 

These figures are somewhat conflicting as regards the 
digestibility of the true protein in fodder cut at different 
times, and it must be left for future investigations to de- 
cide how far the results which have been obtained for the 
total nitrogenous matter of coarse fodders are true of 

their actual protein. 
Methods of Preparing.—While the various methods 

*Landw Jahrbucher, VIL., I. Supplement, p. 263, 
12 



266 MANUAL OF CATTLE-FEEDING. 

of preparing fodder for animals, such as steaming, enst- 
lage, etc., may be accompanied by practical advantages, 
all the experiments hitherto executed show that the diyes- 
tibiléty is not sensibly increased thereby. 

Thus, in the experiments executed in 1862, at the 
Dahme Experiment Station, by Hellriegel & Lucanus,* 
it was found that the digestibility of rye-straw by sheep 
was not increased either by fermenting or cooking it. 
Experiments in Proskan, by Funke, gave the same re- 

sults regarding the digestibility of the total dry matter 
and the cellulose of a mixed ration fed to milk cows. 

Indeed, recent experiments at Poppelsdorf + showed a 
decreased digestibility of hay asa result of steaming. <A 
rather coarse hay was fed to oxen, first dry, then steamed, 

and finally moistened with as much water as it took up 
when steamed. The following were the resuits: 

DIGESTIBILITY. 

Total Nitrogen- 
organic Protein Fat. Crude fibre, free 
niatter. Per cent. Per cent, Per cent. extract, 
Per cent, Per cent, 

Dry 2... cca eees 58 46 39 59 60 

Steamed........ 56 30 41 58 59 

Moistened....... 54 39 38 54 57 

Steaming and moistening seem to have affected the di- 
gestibility of the protein especially. It is possible that the 
large decrease observed may have been caused by an ex- 
traction of soluble nitrogenons matters, though care seems 

i osenmnaeeneistitiataminallinmneduiamemmncarmeniengeeaeenaehnn ams mant anetmeen attra aaron near haiadeementanmnemuaaes 

* Landw. Versuchs-Stationen, VII., 242, 324, 387, and 467. 
+ Hornberger: Landw. Jahrbicher, VIIL., 983. 
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to have been taken to avoid this, but no znerease of digest- 
ibility as a result of cooking is shown. 

In these experiments the steamed fodder was purposely 
allowed to cool before it was used, in order to observe only 
the effect of cooking, and no preference for the steamed 
fodder on the part of the cattle was observed, but rather 
the reverse. In practice, however, the palatability of a 
fodder may often be very considerably increased by suita- 
ble preparation, and the animals thus induced to eat larger 
quantities of a fodder not perhaps agreeable to them in its 
natural state. It would seem that some gain must also 
accrue from warm fodder (see p. 239). The preparation of 
fodder may thus produce very favorable results in a prac- 
tical point of view, although the quantity of nutrients 
which an animal extracts from a given amount of dry 
substance is no greater in one case than the other. 

As in the case of coarse fodder, the digestibility of con- 
centrated fodders is not increased by the method of prep- 
aration. This is shown, e g., by experiments made in 
Mockern on feeding bran to oxen; not only was the diges- 
tibility not increased, but, on the contrary, decreased more 
or less by boiling, addition of leaven and production of in- 
cipient fermentation, and still more by successive treatment 
with alkalies and acids. The effect was greatest on the 
protein and least on the non-nitrogenous constituents. 

Digestibility by Different Kinds of Animals.—The 
different kinds of ruminating animals, as oxen, cows, sheep, 
and goats, digest the same fodder equally well. 

As a mean of about forty single determinations, the di- 
gestibility of all the constituents of meadow hay is found 
to be about 2 per cent. greater in the case of oxen and 
cows than in that of sheep, while, in a still greater num- 
ber of experiments, clover-hay or green clover is fuund 



268 MANUAL OF CATTLE-FREDING. 

to be digested 2 to 3 per cent. better by sheep than by 
oxen and cows. The differences, small in themselves, 

thus fully compensate each other in the two kinds of hay. 
In feeding-experiments on goats, likewise, average diges- 

tion coefficients have been observed in all experiments yet 

made. 
In the case of a non-ruminating animal, like the horse, 

coarse fodder is less completely digested than by rumi- 

nants. 
A large number of experiments on the comparative di- 

gestibility of various feeding-stuffs by the horse and sheep 

have lately been executed at the Hohenheim Experiment 

Station, under Wolff's direction. A comparison of all the 

results yet obtained * leads to the following conclusions: 
1. Meadow-hay is less fully digested by the horse than 

by sheep, the difference amounting to 11 to 12 per cent. 

of the water-free substance. 
9. The ernude protein of hay is nearly as digestible by 

the horse as by sheep. In the better qualities of hay ex- 

perimented upon, the difference amounted to 4 to 6 per 
cent. of the total amount, while in some of the poorer 
sorts more was digested by the horse than by sheep. This 
appears to be the case not only with the total nitrogenous 
matters but also with the true protein (compare p. 265). 

8. Of the non-nitrogenous constituents of hay, the nitro- 
gen-free extract is slightly, and the crude fibre considera- 
bly better digested by sheep than by the horse. As a 
result, the nutritive ratio of the portion of the hay di- 
gested is narrower in the case of the horse than in that of 
sheep. As regards fat, all the experiments gave very low 
results for this nutrient, owing to the presence of a con- 

*Tandw, Jahrbucher, VIII, I. Supplement, p, 97, 
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siderable quantity of billary products, ete., in the excre- 
nents. 

4. Of two kinds of lucerne hay, the protein and nitro- 
gen-free extract were equally well digested by the horse 
and by sheep, while the crude fibre appeared to be rela- 
tively somewhat better digested than that of meadow hay. 

5. The digestibility of straw (of winter wheat) was 
found to depend somewhat on the amount of mastication it 
received, but in general to be small. Under ordinary cir- 
cumstances it seems to be hardly half as well digested by 
the horse as by ruminants. 

6. Concentrated feeding-stuffs (oats, beans, and maize, 
the two latter soaked with water) are digested to the 
same extent by the horse and by sheep. Similar observa- 
tions have been made regarding the digestibility of con- 
centrated fodders by the hog. 

All these conclusions apply, in the first place, only to 
the conditions of these experiments, but, at the same time, 
there is every reason to expect that they will be confirmed 
by subsequent investigation, at least in their main features. 

Influence of Breed.—If the various species of rumi- 
nants digest their fodder to the same extent, we should 
still less expect to find important differences in this respect 
between the breeds of one and the same species. 

In fact, repeated experiments in Dresden and TTohenheim 
have agreed in showing that, ¢. g., Merinos, Southdowns, 
and the so-called Wurtemberg Bastard-sheep, both when 
store-fed and on an exclusive ration of meadow or clover- 
hay, as well as on a more or less rich fattening fodder, 
digest the same feeding-stuffs about equally well. 

In these considerations we must not confuse the digesti- 
bility of a fodder with its nutritive effect. The latter may 
be very unequal in the different breeds, and is determined, 
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on the one hand, by the appetite of the animal and the 
quantity of fodder which it can eat and digest day by day, 

and on the other hand, by the whole organization of the 

animal and its temperament and congenital peculiarities. 
With this, however, the actual percentage digestibility 

of a fodder has primarily nothing to do. The latter is 
essentially the same in all breeds for the same fodder, it 

being, of course. assumed that there are no individual 

peculiarities of digestion to disturb the result. 

Age of the Animals.—Even at different ages or in 
different stages of growth the digestive power for any 
given fodder seems to be nearly the same, provided that 
the animals are weaned from milk and that the fodder is 
agreeable in taste and sufficient in nutritive effect. This 
fact has been shown by experiments made in Hvuhenheim * 

on lambs of two races, and continued for nine months con- 

secutively (from the fifth to the fourteenth month of their 
age), and which included both exclusive hay fodder and 
rich feeding with hay and grain. l[tecent experiments 
made by Weiske + on lambs, extending over about ten 
months, have given the same result. 

It is of course possible that this constancy of digestive 
power would be less marked in case of a poor and diff- 
cultly-digestible fodder, but young animals, so long as they 
are capable of and inclined to rapid growth, cannot thrive 
on such afodder; they consume a quantity insufficient for 
their normal nourishment, and must suffer under a long 

continuance of such treatment. 
Individual Peculiarities have often a greater influence 

on the digestive process than the breed or even the species 
of the animal. 

*Landw Jahrbticher, II , 219. 
+ Ibid., IX., 205. 



MANUAL OF CATTLE-FEEDING. Q71 

Besides temporary disturbances of digestion and the 
weak digestion caused by old age, animals of the same 
species and breed and of the same age and live-weight 
often show constant differences in digestive power, which, 
however, seldom exceed 2 to 4 per cent. of the total dry 
unatter of the fodder. 

Greater differences in digestive power sometimes show 
themselves in single individuals which fall strikingly below 
other animals of the same age in development and live- 
weight. Jor example, a difference of 7 per cent. in the 
digestibility of the total organic matter, and of 15 per 
cent. in that of the crude fibre, was observed in such a case 

in Proskau. At the same time, however, it was found 
that those animals of a herd which attained the greatest 
live-weight in a certain time on a given kind of fodder did 
not always possess the greatest digestive power nor produce 
the most live-weight from the same weight of food. The 
greater or less appetite, and the quantity of fodder daily 
eaten, are much more important conditions of the increase 
in weight of growing or fattening animals than an increased 
digestive power. 

Actually stunted animals, those which have been insuffi- 
ciently nourished in youth, especially during suckling, have 
also generally a relatively weak digestive power in later sta- 
ges of development. How far the latter can be strengthened 
by the manner of rearing still remains to be investigated. 

Effect of Work on Digestion—A question of some 
importance is the effect of the performance of work on the 
digestibility of the fodder. In the recent experinents at 
Wohenheim on the horse, already allnded to, this question 
was made the subject of investigation.* 

ert neem an eg seem ees maets ne ana 

* Landw. Jahrbucher, VIII., I. Supplement, p. 73. 
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Two series of experiments were made. In the first, the 
daily ration consisted of 13.2 lbs. of oats, 11 lbs. of hay, 
and 8.3 lbs. of cut straw; in the second, of 16.5 lbs. 

of hay and 8.8lbs. of beans. In the following tables are 
to be found the amount of work performed per day in each 
experiment, and the percentage digestibility of the several 
nutrients, reckoned on the total ration. 

SHRIES TL. 

DIGESTIBILITY. 

Work performed per Total 
day. Nitrogen- 

Kilogramme-meters, | Ommtme | Brotemm, | Pak | | Opade S| tre extract 
Per cent r cent. 

475,000 ........ 58 73 70 84. 52 05 8l 24 68 27 

950,000 ....... 58 62 67.63 52 5d 29 03 69 61 

1,425,000....... 58 66 69 95 45 90 382 33 68 27 

950,000 ...... 56 41 66 62 48 73 25 82 67 65 

AN5,000 wo... ene | 54 82 68.21 45 99 26 95 64 41 

Serres IT. 

600,000 ..,..... | 60 04 77.46 24.00 38 55 | 66 80 

1,800,000........ 58 48 75 00 12 61 34 73 67 30 

600,000 ........ | 57.69 74. 60 10.12 34.50 | 66.05 

 aecrietes beeidiasninemanadintammennnaa eeetaeiaimanesa tment reenact areata’ 

In each series the digestibility decreases slightly toward 
the close, but this is obviously independent of the 
amount of work performed. It was probably caused by a 
deterioration in the quality of the hay consequent on keep- 
ing and handling. 

In these experiments, then, the digestibility of the fod- 
der was not affected by the amount of work performed. 
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Presumably, this is true in all cases, but these are the only 
experiments yet made on this point. 

§ 3. DIGESTIBILITY OF CONCENTRATED FoDDERS AND THEIR INFUU- 

ENCE ON THAT OF Coarse FopDER. 

Method of Experiment.—The foregoing section shows 
clearly that the percentage digestibility of coarse fodder, 
so long as the latter forms the exclusive ration, is de- 
termined very largely by the chemical composition of its 
dry matter as affected by the time of cutting, weather, 
soil, manure, etc., while other circumstances, such as quan- 

tity, state of dryness, and method of preparation, as well 
as the kind, breed, and age of the animals, have very little 
influence upon it. 

This is an important result, and one of practical worth 
in the calculation of the daily ration of an animal. 

It is, however, still more important to investigate 
whether and how much the digestibility of the constituents 
of coarse fodder is altered by the addition of concentrated 
fodders, as well as to determine the digestibility of the 
latter. 

In the nature of the case it is practically impossible to 
make direct experiments with concentrated fodders, since 
they are not suited for the requirements of herbivorous 
animals. The best we can do is to feed increasing quan- 
tities of any concentrated fodder along with a fixed quan- 
tity of coarse fodder of known digestibility, and ascertain 
the digestibility of the mixtureasa whole. It is, of course, 
in most cases impossible to determine with certainty what 

portion of the digested nutrients comes from the coarse 

fodder and what from the concentrated fodder ; but results 

may be reached which possess sufficient exactitude for the 

purpose of compounding rations. 
19% 
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If a concentrated fodder decreases the digestibility of 
the coarse fodder with which it is fed, we should eapect 

that with a greater relative quantity of the former in the 
ration the decrease in the digestibility of the ration as a 
whole would be also greater. 
We therefore proceed as follows: in a first period we 

determine the digestibility of the coarse fodder—hay, for 
example—when fed alone. Ina second period we add to 
the hay a certain amount of the concentrated fodder in 
question—maize meal, for instance—and determine the 
digestibility of the mixture. In a third period we increase 
the relative quantity of méal very considerably, and deter- 
mine the digestibility of this mixture. 

Now, assunling the digestibility of the hay to have been 
the same in the second and third periods as in the first, we 
calculate, from our esperimental results, the digestion co- 
efficients for the maize meal in the second and third 
periods. 

It is obvious that, if neither feeding-stuff has altered the 
digestibility of the other, these two sets of digestion co- 
efficients ought to be the same within the limits of experi- 
mental error, and, in that case, we have not only proved’ 
this fact but have also determined the digestibility of the 
maize meal. 

On the other hand, if the digestibility of either feeding- 
stuff has been diminished by the presence of the other, it 
is plain that our method of calculating the results will 
show an apparent decrease in the digestibility of the 
maize meal. In the case supposed it would be impossible 
to determine directly in which of the two feeding-stuffs 
the decrease took place, and the method of expressing the 
results would depend partly on the results of other experi- 
ments and partly on questions of convenience. 
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Some of the examples contained in the following para- 
graphs will, perhaps, make the method of calculation 
clearer, while they at the same time serve to elucidate 
some of the practical questions that arise. 

These questions concern chiefly the influence of concen- 
trated fodders on the digestibility of coarse fodder, and to 
them we shall devote most of our attention, since it is im- 

possible, within the limits of this work, to notiee the 
numerous experiments on the digestibility of the various 
concentrated fodders. For the results of the latter the 
reader is referred to the Appendix. 

Errect or AtBuminoips.—E. Schulze & Marcker,* in 
Weende, have made experiments on the effect of a prepara- 
tion of wheat-gluten containing ‘8 per cent. of albuminoids 
on the digestibility of uneadow-hay. They experimented 
on sheep, and obtained the following results for the per- 
centage digestibility of the hay, on the assumption that 
the gluten was wholly digested : 
paemewe ed 

Fat and Total 
Protem, mde nitrogen- organic 

. free extract! matter. 

Hay alone... ....... ce eee eee 57 57 66 62 

Hay and 119.4 grms. gluten.. 53 58 67 

+1 +1 +1 Difference... ...... 25006 —4 
 seatnerrteninanmrartrtensumesttnannmaneeatsiceat Sere 

A second experiment, with a larger amount of gluten, 
gave, on the same assumption, the following results : 

Fat and m 
Crude Organic trogen Free 

Protein. Fibre. extract, matter. 

Hay alone... ... cece eee 55 55 65 61 

Hay and 262 2 grms. gluten 49 61 61 60 

Difference. ............ —6 +6 —4, —1 

* Jour. fur Landwirthschaft, 1871, p. 68. 
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The slight decrease in the digestibility of the protein of 

the hay becomes so exceedingly small, when calculated on 

the whule ration, as to be of no practical significance, 

while the gluten exerted practically no influence on that 
of the remaining nutrients. Thus, these results show not 
only that even these large additions of albuminoids to the 
fodder produced no essential alteration of digestibility, but 
also that the gluten was almost completely digestible. 
Very similar results were obtained in a series of experi- 

ments, executed at [ohenheim,* on the digestibility of 
“flesh meal” by swine. It was fed in varying quanti- 
ties along with potatoes. Assuming that the digestibility 
of the potatoes was not altered by the addition of the 
highly nitrogenous flesh meal, the following numbers were 
obtained for the digestibility of the latter: 

FED. DIGESTIBILITY OF FLESH MBAL. 

Period. oe oa | CMlesh Organic 

amma Game | ee | Dereent, | Percent, | bstance 

| re 2 4,500 199 95 1 82.3 93.4 

| 3 5,000 210 97.0 87 5 93.1 

II. 1 5,000 509 98.5 88.7 93.5 

II 4 4,500 450 98 9 88.5 90 9 

HI... 2 6,500 | ~ 195 102 9 75 2 94 3 

I. 3 8,000 240 96 4 90.7 86 9 

TiI..... 1 7,500 225 914 83.3 87.8 

WIT. 4 7,500 225 98 6 89 6 90 4 

Average Me nea ees 6,063 279 97.4 85.7 91.7 

* Landw. Jahrbucher, VIIL., I. Supplement, p. 200. 
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Though the ratio between potatoes and flesh meal varied 
between wide limits, the digestibility of the latter, caleu- 
lated on the basis of unaltered digestibility of the former, 
varied but very little, and rather increased than decreased 
in the experiments in which relatively most flesh meal was 
fed. Since the flesh meal contained no crude fibre or ni- 
trogen-free extract, the digestibility of these ingredients 
of the potatoes could be determined directly in each e:- 
periment. It was found to be sensibly the same in 
all. 

Obviously, the results of these experiments are as 7f the 
potatoes were equally well digested in all cases, and as 2f 
the above coefficients represented the digestibility of the 
flesh meal; and though this fact cannot, perhaps, be said 
to be absolutely proved, the practical result is the same as 
if it were, and we can make it the basis of calculations of 
digestibility in similar cases. 

WNitrogenous Bye-Fodders.—By means of experiments 

made on the same plan as those just described, it has been 
found that for the ordinary nitrogenous bye-fodders, such 
as oil cake, cotton-seed cake, bran, beans, etc., digestion 
coefficients may be obtained, and that these coeflicients 
remain nearly constant whatever the quantity of the fodder 
given, while the digestibility of the coarse fodder remains 
unaltered by the addition of the concentrated fodder. 

This conclusion is drawn from the results of numerous 
digestion experiments in which increasmg quantities of the 
concentrated fodder were fed along with meadow or clover 
hay. Such experiments have been made in Hohenheim, 
Mockern, and Halle, especially with oil cake, but also 
with crushed beans, rape cake, wheat bran, and cotton-seed 
meal, on sheep, goats, and oxen, with the results stated. 

In all probability, experiment would show that the same 
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thing is true of other highly nitrogenous bye-fodders, «. 7,, 

all kinds of vil cake, the lezumes, brewers’ grains, ete. 

The results of these determinations of the digestibility 

of bye-fodders are included in Table II. of the Appendix. 

As the general result of the experiments, we can say that 

nitrogenous bye-fodders do not decrease the digestibility of 

the course fodder with which they are used. 

The Grains.—The influence of the grains, 7. ¢., of con- 

centrated fodders with a medium nutritive ratio (1 : 5-8), 

on the digestibility of coarse fodders has received compar- 

atively little attention. 

Oats have been the subject of experiments by Lof- 

meister & Haubner* and by Wolfft on sheep. In both 

investigations it was found that an addition of oats to 

the coarse fodder did not essentially alter its digestibility. 

Wolff obtained the following results, on the assumption 

that the digestibility of the coarse fodder (hay) was not 

altered : 
Crude protem of oats digested 

Ratio of hay to oats, or 

1: 1.76 78 0 
1:3 09 78 4 
1:3 30 78 5 

The constancy of the digestion coefficient for oats shows, 
as explained above, that the assumption of unaltered diges- 
tibility of the coarse fodder is probably correct, and can at 
least serve as a basis for the calculation of rations. Iof- 
meister & Haubner’s results were, on the same assumption, 
as follows: 

Orude protein of oats digested. 
Ratio of hay to oats. Per o ent, 

1:018 74.0 

1:044 TA,1 

1:075 67 3 

* Landw. Versuchs-Stationen, VI., 185 and 301. 
+ Landw. Jabrbucher, IT , 288. 



MANUAL OF CATTLE-FEEDING. 279 

Tere we have also a nearly constant coefficient for the 
protein of the oats, except in the last case, where a slight 
depression is observed, which may indicate an actual de- 
crease in the digestibility of the hay. The oats used in 
Wolff’s experiments had a considerably narrower nutritive 
ratio (1 : 5.16) than those used by Hofmeister & Haubner, 
(1: 7.07), and it is quite possible that the slightly smaller 
digestibility in the latter case, as well as its decrease in the 
thud experiment, is due to this cause. 

The digestion coefficients of the other constituents of 
the oats, ercept those of crude fibre, whose digestibility 
generally shows considerable variations in all the grains, 
were nearly accordant in all, the experiments. 

The recent comparative experiments on the horse and 
sheep, made at [ohenheim, and to which reference has 
more than once been made, included determinations of the 
digestibility of oats, maize, and beans, when fed with 
coarse fodder. In no case was any noticeable influence of 
these feeding-stuffs on the digestibility of the coarse fod- 
der observed. 

Experiments in Weende by E. Schulze & Marcker * 
seem to indicate that when the nutritive ratio of the grain 
or of the whole ration is wide (1: 8-10), the digestibility 
of the coarse fodder may be diminished. We shall pres- 
ently see that feeding-stuffs rich in carbhydrates, especially 
roots, decrease the digestibility of coarse fodder. Grain 
with a nutritive ratio of 1:10, like that used in Weende, 
begins to approach roots in composition, and may produce 
a similar effect ; but we may safely say that grain of good 
quality (nutritive ratio 1: 5-6) produces no decrease in the 
digestibility of coarse fodder. 

* Jour. f. Landwirthschaft, 1875, 163. 
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Errect or Carsuyprarres.—All investigation goes to 
show that increasing the protein of a ration has no ten- 
dency to diminish the digestibility of the latter, but rather 
to increase it. 

The carbhydrates, on the contrary, when added in large 
quantities to a ration, depress the digestibility of the crude 
tibre, and especially of the protein, to a considerable ex- 
tent. This has been observed in numerous experiments on 
oxen, cows, sheep, and goats, both when pure carbhydrates 

were fed and when fodders containing large amounts of 
these substances were used. 

Starch.—In the earlier Weende experiments this effect 
of starch on the digestibility of coarse fodder was observed, 
and the observation has been fully contirmed in later in- 
vestigations. 

Experiments of this sort have the advantage over 
many digestion experiments that it is possible to ascertain 
whether or not the starch is entirely digested. This sub- 
stance is free from protein, and hence any decrease in the 
digestibility of the latter must fall exclusively on the rest 
of the fodder. The same is true of the crude fibre and 
fat, while as regards the nitrogen-free extract, it is easy to 
determine, by a microscopic examination of the excrements, 
whether any of the starch hag escaped digestion. The re- 
sults, therefore, possess no ambiguity. 

The following table contains a summary of the results 
of experiments by Henneberg & Stohmann, E. Schulze & 
Marcker, Stohmann, and Wolff, compiled from Wolff.* 
The first column contains the name of the experimenter ; 
the second, the amount of starch fed, expressed in per 
cent. of the dry matter of the remaining fodder ; the third 

* ««Eynihrung Landw. Nutzthiere,” pp. 149-145. 
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shows the character of the other fodder; the fourth and 
fifth express the decrease in the digestibility of the protein 
and crude fibre in per cent. of the quantity of each which 
was digested when the starch was withheld. 

DECREASE IN DI- 
Starch in GESTIBILITY OF 

. . per cent. Fodder, exclusive 
No Authority. of other of starch, Crude 

fodder. Protein. fibre 
Per cent. Per . 

centew 

1., Henneberg & Stohmann. 15 f ve 6 
Clover-hay, 

2.65 “é “ “ 18 stiaw, and ii v4 
beans. 

3 _ ob (34 iz} 99 a1 15 

4... ne 9 Same with 8 4 
5... us ‘6 so 9 more beans. 4 2 

6.. Schulze & Marcker. 25 Hay. 41 10 

Te... ce 25 Hay and beans. 20 13 

8.. Stohmann. 15 Hay. 12 12 

9.. “ 69 “e 44 vi 

0... “ 15 Hay and oil-cake. 9 10 

11....)/Wolff (experiments on hogs). 15 Barley. 0 

12...{ * “t “ 31 “ 11 

Two things are shown by this table: first, the greater 
the amount of starch which is added to a ration, the more 

is the digestibility of the protein and crnde fibre decreased, 
¢.g., Im experiments 1, 2 and 3, or 8 and 9; second, the 
richer the original ration is in protein, the less is the de- 
pression caused by a given quantity of starch, ¢. g., Experi- 
ments 6 and. 7. 

But this amounts to saying that the protein and ernde 
fibre of a ration are better digested the narrower the 
nutritive ratio of the latter, a fact which, it will be remem- 

bered, we have already noticed in the case of hay, and 
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which Stohmann has made the basis of his formula (p. 
256) for calculating the digestibility of the protein of a 
ration from its chemical composition. A large number of 
1esults seem to indicate strongly that this is a general law, 
of which the experiments cited above are only special 
cases, and that the non-nitrogenous matters of hay, ¢. g., as 

truly depress the digestibility of its protein and fibre as does 
the addition of starch. The only difference is that we can- 
not abstract the non-nitrogenous matters from the hay and 
observe the digestibility of the other constituents, but 
must determine the digestibility of the hay as a whole. 

The statement that starch decreases the digestibility of 
other fodder, then, is simply a practically convenient way 
of stating the result in this particular case. 

Sugar.—Not many experiments on the influence of 
sugar on the digestibility of rations have been made; but 
those which have been executed show, as was to be ex- 

pected, that widening the nutritive ratio of a ration by 
means of sugar produces essentially the same result as 
when effected by starch. The decrease in the digestibility 
appears to be rather smaller, however. 

Effect on Digestibility of Nitrogen-free Extract. 

—Thus far we have considered chiefly the effect of 
easily digestible carbhydrates on the digestibility of pro- 
tein and fibre. In regard to the nitrogen-free extract and 
the fat of the coarse fodder, it may be said that the diges- 
tibility of these constituents is not essentially decreased by 
tarch or sugar so long as the latter are completely di- 
gested. 

Frequently, however, the starch or sugar not only dimi- 
nishes the digestibility of the protein and fibre, but escapes 
digestion itself to a not inconsiderable extent, thus causing 
a double loss.) We have here another indication of the 
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necessity of observing a medium nutritive ratio in the 
fodder of farm animals. 

Indeed, a too-wide nutritive ratio may cause more waste 
than a too-narrow one. In the former case the protein 
consumption is, as we learned in Part L, needlessly in- 
creased, but the nitrogen of this protein is excreted in the 
urine, and has its value in the manure. In the second 

case, a too-wide nutritive ratio also causes a waste of pro- 
tein by decreasing its digestibility, but it also causes some 
of the starch to pass through the body without being put 
to any use, while as manure the latter is absolutely value- 
less, containing only elements of which the atmosphere 
offers an inexhaustible supply to plants. 

Roots.—It will not often be the case in practice that 
pure starch or sugar is fed, but potatoes and roots, which 

are especially rich in carbhydrates or pectin substances, 
must exert a similar influence on the digestibility of coarse 
fodder. Itis to be expected, however, that the resulting 
depression will be smaller than that caused by pure 
carbhydrates, since the above-named fudders contain, be- 
sides starch and sugar (or pectin), other substances, and 
especially more or less albuminoids. 

The effect of roots and potatoes on the digestibility of a 
ration has been investigated chiefly at the Hohenheim Ex- 
periment Station, where a large number of experiments on 
sheep have been executed.* 

In calculating the results of these experiments the pota- 
toes and roots have been considered as wholly digestible, 
and any decrease in the digestibility of the ration is con- 
sidered as affecting exclusively the remaining fodder. The 

* Landw. Jahrbucher, VIIT., I. Supplement, p. 128. Compare also 

Wolff’s ‘‘ Ernahrung Landw. Nutzthiere,” pp. 158-175. 
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grounds which justify this assumption are two: first, it is 
known that these feeding-stuffs are very completely if not 
wholly digested, and that large amounts of starch or sugar 
do decrease the digestibility of a ration; second, with our 
present knowledge this method of expressing the results is 
the most convenient for practical purposes. It should 
never be forgotten that investigations of this sort are of a 
practical and not a physiological nature. In feeding, it is 
not the digestibility of one feeding-stuff so much as that of 
the whole ration which is of importance, and hence that 
method of expressing the results of digestion experiments 
is best which attains this end by the simplest method con- 
sistent with accuracy. Probably roots are not wholly 
digestible, but at present it is not possible to calculate di- 
gestion coefficients for them as has been done for the other 
bye-fodders. 

Calculated on this basis, these experiments yielded, in 
general, the same results as those on the feeding of starch 
and sugar, viz.: that the depression of the digestibility was 
greater, the larger the amount of the bye-fodder and the 
wider the nutritive ratio. The following table by Wolff, 
in which the results are grouped according to the propor- 

tern hers NYRR RCN TTC He 

DEPRESSION --PER CENT. 

Diy matter of bye 
fodauer m per cent, of Protein, Nitrogen-free extract.| Organic substance, 

coarse fodder, 

Potatoes. | Rooté, | Potatoes.| Roots, | Potatoes.| Toots. 

mim, pont Ro 

12 to 18........ 7.3 4.0) 5.3 2.2 4,4. 3.0 

22 to 85....6+4 13.9 71 6.5 4,7 7.5 5.9 

44 to 54........ 27.8 11.9 14.7 6.8 17.1 9.3 

64 to 95........ 40,2 22.3 13.9 10.2 17.5 11.7 
sommaaunniiad 
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tion of bye-fodder, will serve to give an idea of the extent 
of the depression. The numbers denote the decrease in 
the digestibility of the protein, nitrogen-free extract, and 
total organic matter, under the influence respectively of 
roots and potatoes. ‘The depression is calculated in per- 
centages of the amounts of the several nutrients digested 
when the bye-fodder was withheld. 

The decrease in the digestibility of the non-nitrogenous 
ingredients caused by any amount of roots or potatoes likely 
to be fed in practice is so small that we may neglect it, and 
consider only the effect on the protein. 

From the above numbers, Wolff concludes that we can 

assume that, when the dry matter of the bye-fodder of 
ruminants amounts to 3, 4, 4, and finally equals that of 

the coarse fodder, the digestibility of the crude protein of 
the latter is decreased by about 7, 14, 28, and 40 per cent. 
if the bye-fodder consists of potatoes, and by about half 
as much if it consists of roots. 

It is plain, however, that these nnmbers can be but ap- 
proximations, since, in general, the decrease of the digesti- 
bility varies with the nutritive ratio of the whole ration. 
It seems probable that, in practice, the most satisfactory 
method would be to use these figures as a basis for com- 
pounding a ration, and then to compute the digestibility 
of the total crude protein by means of Stohmann’s for- 
mula (p. 256). In cases of doubt, it is well to err in giv- 
ing slightly too much rather than too little protein, not only 
for the sake of ensuring the digestion of the non-nitroge- 
nous nutrients but to ensure also a sufficient supply of the 
important albuminoids to the animal. 

For similar reasons it is well, when feeding large quan- 
tities of roots along with hay or straw, to add to the ra- 
tion a small amount of some highly nitrogenous bye-fod- 
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der, like oil cake, in order to narrow the nutritive 1atio 

and ensure as complete a digestion as possible, both of the 

nitrogenous and the non-nitrogenous nutrients. 

As noted, all the above experiments were made on sheep, 

and their results are applicable, in the first place, to rumi- 

nants. A similar depression in the digestibility of the 

crude protein in the food of the hog is produced by starch, 

and presumably by roots, while the digestibility of the non- 

nitrogenous nutrients seems little or not at all affected. 

Finally, it should be added that the digestibility of pota- 

toes, when fed exclusively to hogs, has been the subject of 

investigation at the Experiment Stations of Proskau and 

Ilohenheim. The results of these experiments are inclu- 

ded in Table II. of the Appendix. 

Errvor or Far.—Experiments on the effect of the ad- 

dition of small amounts of fat or oil to a ration on the 

digestibility of the constituents of coarse fodder have 

hitherto given very variable and more or less discordant 

results. 
There is little doubt that in high feeding, intended to 

eayse a rapid production, the fat of the ration is of 1m- 

portance, and has considerable influence on the nutritive 

effect, but the weight of evidence goes to show that the 

digestibility of the various nutrients is not essentially al- 

tered by an addition of fat to the fodder. 

Care must be taken, however, not to give ruminating 

animals too much fat, since it may easily cause a gradual 

loss of appetite and even serious disturbances of diges- 

tion. It ig to be noted that such an injurious effect is 

much less noticeable when the fat forms an actual con- 

stituent of the fodder, as, ¢. g., in oil cake, ete., than when 

pure fat is mixed with the fodder. 

This is illustrated by some Hohenheim experiments on 
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sheep. The fodder was tolerably rich in protein, and by 
the gradual addition of increasing quantities of palm-nut 
meal and flaxseed the amount of fat per day and head was 
increased finally to 75 and 100 grammes, wlrile the quantity 
of the remaining nutrients was scarcely altered. The di- 
gestibility of the fodder was not affected at all, either 
favorably or unfavorably, and the health of the animal did 
not suffer. - 

Errect or Sart.—That salt plays an important part in 
the nourishment of the animal organism, and is for the 
herbivora, even more than for the carnivora, an indis- 

pensable food, has been already explained. Upon the 
digestibility of the fodder, however, it seems to exert no 
considerable influence in any way. The result of direct 
experiments in Salzmunde, Ilohenheim, Dresden, and 

Pioskau, has been to show sometimes an apparent de- 
crease, and sometimes an apparent increase, of digestibility 
as a result of the feeding of salt. 

Generally, however, under wholly normal conditions, 

salt has shown itself without influence in this respect. 
The greater palatability of a fodder, and the larger 

amount consequently eaten as a result of salting, is not to 
be confounded with its percentage digestibility, which, as 
we have seen (p. 259), is in general little affected by the 
quantity eaten, especially of coarse fodder. 

Besides salt, other inorganic matters are sometimes fed, 
especially phosphate of lime. This is not the place to con- 
sider the necessity of such a proceduie, nor its effects on 
the nutrition of the animal. Here it need only be said 
that, like salt, they appear to exert no effect on the digest- 
ibility of the organic nutrients. 



CHAPTER II. 

THE COARSE FODDERS. 

In the preceding chapter, we have considered, in a gen- 
eral way, the digestibility, and incidentally some of the 
other properties, of the more common classes of feeding- 
stuffs. We now proceed, in this and the following chap- 
ters, to take up the chief members of these classes for a 
more detailed study. In this we shall regard the feeding- 
stuffs chiefly as sources of the various nutrients—that is, 
we shall look at them froin a chemical standpoint, and 
make their composition the prominent poit. 

The greater or less adaptability of particular fodders to 
particular kinds of animals we shall leave entirely out of 
account, simply because it is as yet entirely a matter of 
practical observation and experience. 

The subject of the cultivation of fodder plants, too, is 
outside the scope of this work, and will only be alluded to 
incidentally, in so far as the different methods of cultivation 
and manuring may influence the composition or digestibil- 
ity of the resulting crop. 

§ 1. Meapow Hay, Rowrn, anp Pasture Grass. 

Variable ‘Composition.— While the seeds of the same 
plant, and henee their bye-products, are generally quite 
constant in their chemical composition and nutritive value, 
it is characteristic of the stems and leaves, which constitute 
what we call coarse fodder or forage, that they vary very 
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considerably in composition, according to the circumstances 
under which they grow, their state of maturity, etc. It 
is, therefore, of the highest importance to learn how these 
various factors affect the value of a fodder. In the follow- 
ing paragraphs we shall consider their influence on the 
composition of hay, premising that it is essentially the 
same on all coarse fodders. 
Supply of Plant Food.—It is a well-established fact 

that the natural quality and the fertility of a soil have a 
very considerable influence on the chemical composition 
of the crop, especially of coarse fodaer. 

This influence is particularly noticeable on the nitrogen- 
ous constituents of the fodder. According to analyses made 
in Tharand, the hay from a manured meadow contained 12 
per cent. of protein, that from an unmanured one only 9 
per cent. Still greater differences often show themselves 
when dark green, “rank” plants are compared with pale 
yellowish-green ones of the same kind, occurring in the 
same field, and of the same age. 

This was observed, ¢. g., in investigations made in 
Mockern. Tank plants of oats, barley, wheat, and rye 
contained at the beginning of flowering 16.4 per cent. of 
protein in the dry matter, while weaker plants contained 
only 10.4 per cent. 

It is not improbable that the low percentage of crude 
protein which seems to be characteristic of American, or 
at least of New England, hay, as compared with that raised 
in Germany and Austria (compare “ Report Conn. Ag’l 
Expt. Station,” 1879, pp. 79-83), is owing to its having 
been raised on poorer soils. 

Some analyses made by Weiske & Wildt,* in Proskan, 

* Jahresker Agr. Chem,, XITII., IIT, 9. 

13 
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are of interest in this connection. The fodder grew on a 

heavy clay soil, and consisted, for the most part, of timothy 

(Philewn pratense), with a slight admixture of red clover. 

One sample (I.) came from a part of the field which was 
in an ordinary state of fertility; the other (II.) was taken 

from spots where the excrement and urine of the grazing 

animals had caused an especially luxuriant growth. The 

two samples had the following composition in the water- 
free state: 

Crude Nitrogen- 
Pr ern bre. p F at. free cxtract. pe _ 
Per cent. { por cent, el * | Per cent v cent. 

| eee 11.0 225 42 56.3 6.0 

| 6 203 26.6 48 41.38 70 

The differences are very considerable, especially in the 
amount of protein and nitrogen-free extract. 

It is noticeable that the greatly increased percentage of 
protein in II. is accompanied by a not inconsiderable in- 
crease in the quantity of crude fibre, in consequence of 
which the digestibility of the protein is most probably 
diminished. According to practical experience, a very 
rank fodder, such as grows on heavily-manured land, and 
especially in wet and shady places or in wet seasons, is 
not especially nutritious, even though it contains mneh 
crude protein. This may be partly because the protein is 
Jess digestible and partly because the bulk and coarseness 
of the fodder render it unpalatable. Moreover, high ma- 
nuring, especially with nitrogenous fertilizers, tends to in- 
crease the proportion of “non-protein,” which is less 
valuable, in some respects at least, than true protein. 

It would be very interesting to make systematic diges- 
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tion experiments with the different qualities of fodder 
obtainable by different manuring of the same soil, in order 
to determine the actual practical value of high manuring 
for fodder crops. As yet this has not been done. 
Method of Curing——The method of curing almost 

universally adopted in this country is drying. Evidently, 
this alone cannot change the composition of the dry mat- 
ter of the fodder, and we have seen that the digestibility 
is In no essential degree affected when the drying is care- 
fully conducted. 

On the other hand, it has been already stated that in 
the preparation and handling of hay, as commonly con- 
ducted, more or less loss of substance is unavoidable, and 

that this loss consists of the most nutritious parts of the 
plants. Asa result, both the composition and digestibility 
of the hay suffer (compare p. 306). 

Obviously, it is desirable to reduce this loss to the mini- 
mum. Ilence all methods and appliances which diminish 
the amount of handling which the hay must receive, espe- 
cially when it is nearly dry, tend to improve the quality 
of the product. So, too, it is desirable to dry the grass as 
little as is consistent with the object of curing, viz., to 

ensure the keeping of the fodder, since the dryer and more 
brittle it becomes, the greater is the loss by handling. 

In the process of “ensilage,” long practiced in Europe 
and lately introduced into this country, these losses are 
largely avoided, the fodder being placed in the silo while 
still green. On the other hand, the process of fermenta- 
tion which the fodder undergoes causes losses in other 
ways. In this country ensilage has been chiefly recom- 
mended for maize, and we shall consider it more fully in 
that connection. 
Damage by Rain.--In our hot and dry summers, in 
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which hay can usually be sufficiently cured in a single day, 

hay is far less exposed to damage from rain than is the 

case in the moist climate of Germany andeEngland. At 

the same time it is impossible to altogether avoid it, and it 

is therefore of interest to know its effects on the hay. 

Both analysis and digestion experiments confirm the 

common observation that hay which has been wet is dim- 

inished in value. A loss of crude protein and nitrogen-free 
extract, and a relative increase in the crude fibre, are gen- 
erally observed, combined with a decreased digestibility. 

Stage of Growth.—As has been already pointed out 
(p. 83), plants while still young and rapidly growing con- 
tain relatively more protein and less fibre than more ma- 
ture ones. Consequently, early-cut fodder must, other 

things being equal, be of better quality than late-cut. This 
is well illustrated by the following analyses, executed at 
Hohenheim,* of hay cut at three different times from the 
same meadow: 

WATER-FREE SUBSTANCE. 

Protein. | Crude fibre.| Fat. Nitrogen- h 
Out. Per cent, Percent. Per cout. ree cxtract Per “cent, 

May 14, 1877..... 18.97 24,70 8 42 43 91 9.50 

June9, ‘*.....{ 11.16 34.88 2.74. 43 27 7.95 

26, “S..... 8.46 88.15 271 43.34 7.34 

Aeemsn foaeuamerertieinnemanenr eR enNTItoRe teste Int ARERR eerrtA TEN MNNONCHRRtmi hehe ee RRMA Rem 

The table shows a decrease of crude protein and an in- 
crease of crude fibre, both of which impair the quality of 
the fodder. 

Furthermore, we have seen (p. 263) that early-cut fodder, 

* Landw. Jahbrbiicher, VIIL, I, Supplement, 54. 
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like that of May 14th, is much more digestible than that 
cut later, and the real value of a fodder is, of course, 
ineasured by the amount of digestible nutrients it contains. 
In the above case 100 pounds of each fodder contained the 
following amounts of digestible matters : 

Digestible | Digestible | Digestible | Digestible | Disesuble 
Cut. substan ce protein. jcrnde fibre. at. free ext act 

Pounds. Pounds, Pounds, Pounds, Pounds 

May 14th....... 69.20 13.85 19.76 2.22 33 37 

June 9th........ 59.31 8.04 23.02 1.42 26.83 

eth 

6 26th... ..... 53 45 4,4 23.27 1.17 24 27 
s cmenemeiaiaanantdh 

It will be seen that the total quantity of digestible mat- 
ters and the amount of digestible protein, the most valu- 
able of the nutrients, furnished by 100 pounds of the 
early-cut hay is considerably greater than that yielded by 
the same weight of that cut later. Many more examples 
of the same fact might be adduced were it needful. 

Karly or Late Cutting.—The question of early or late 
cutting is one that is frequently raised, and the considera- 
tions just adduced enable us to indicate, to some extent, its 
answer. Three elements enter into the problem, viz., the 
quality of the fodder, its quantity, and the amount of labor 
expended upon it. 

As just illustrated, young plants are relatively richer in 
protein and poorer in crude fibre than old ones, and there- 
fore more nutritious ; so that if the only question were the 
quality of the fodder, the best results would be obtained by 
cutting as early as practicable. 

But we have to consider not only the quality of the fod- 
der but the quantity of it which we can obtain from a given 
area, and this complicates the question somewhat. 
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In the young plant protein is formed rapidly, but as it 
grows older the vital activities are directed more to the 
translocation of protein alreadv present than to the pro- 
duction of new. ‘This is especially the case after blossom- 
ing, when the protein before present in the stems and 
leaves is transferred to the séeds and there stored away, 
At the same time a continual formation of woody fibre 
goes on, so that a large proportion of the increase in weight 
of plants after a certain point is due to this substance, and al- 
though the absolute quantity of protein is not decreased, its 
percentage in the whole mass of the plant is. When crops 
are raised for fodder, the object generally is to produce the 
greatest possible amount of digestible nutrients per acre. 
If it were a question simply of producing the greatest num- 
ber of pounds of nutrients, digestible or indigestible, per 
acre, if we were confined to one crop in a season, we should 

let that stand as long as possible, since we have no evidence 
that there is any loss of organic matter during ripening. 
But supposing, for the present, that only one crop is raised 
in a season, we have seen that the older plants become, the 
less digestible they are. For thisreason, though we might 
get a greater quantity of nutrients per acre by letting a 
year’s crop, ¢.g., stand till fully ripe, we should probably 
lose more in digestibility than we gained in amount. 

Furthermore, as we have just seen, while any crop is 
ripening a large part of the protein and starch passes from 
the leaves and stem to the seeds, leaving the former rela- 
tively poor and woody. Now, in the case of grass, the 
seeds are nearly worthless for fodder, since they are so 
small as to escape mastication, while whole seeds are seldom 
digested, being protected by their integuments from the 
action of the digestive fluids. Moreover, they are easily 
lost in curing, so that these two circumstances combined 
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cause the loss of practically all the nutrients contained 
in the seeds. The grasses belong to the same order of 
plants as the grains, and hay made from fully ripe grass is 
essentially straw. No farmer would expect to obtaim nu- 
tritious fodder from afield of ripe oats, if he neglected the 
seeds and collected only the leaves and stems of the plants 5 
yet this is exactly what is done of necessity when grass is 
allowed to ripen before cutting. The straw is collected, 
while the seeds, which contain most of the valuable mate- 
rial, unavoidably escape. 

If only one crop is to be obtained, probably the best 
time for cutting is usually when the plants are just begin- 
ning to blussom. At this time a larger crop is obtained 
than if cut earlier, while the digestibility is not seriously 
impaired. It is during the ripening of the seed that the 
most extensive changes in this respect go on. If a high 
nutritive value is desired rather than quantity, of course a 
still earlier harvest would be in place. 

In the case of grass, it is a further advantage of season- 
able cutting that a second crop may be obtained, and often 
by frequent successive cuttings a very considerable amount 
of highly nutritious fodder may be obtained. For example, 
the crop of a meadow in Hohenheim was obtained from 
one-half at a single cut, from the other in two. The fol- 
lowing were the results: 

ny 

Total Total dry 
Percentage 

protein. mattcr. 
of protein. | pounds. Pounds. 

One Cub... cece ccc ce cccuccucuccccees 16.3 434 2,662 

TWO CUES... cc ce seeccaaccacacececeees 24.4 668 3,274 

These numbers speak most decidedly in favor of early 

cutting. Where the fodder was cut twice, not only was 
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the quality far better, as shown by the percentage of pro- 
tein, but the absolute quantity both of protein and of dry 
matter per acre was nearly one-half greater, When we 
take into account the greater digestibility of the young 
hay, the gain becomes still larger. Numerous similar ex- 
periments have been made with clover, and these will be 
mentioned in the next section. One made by Weiske, in 
Proskan,* on a mixture of grass and clover, may be de 
scribed here. It is of especial interest because the digest~ 
ibility of the fodder was determined by direct experiments 
on sheep. 
A field was sown with a mixture of clover and grass 

seed, and divided into two equal portions. 
In the time from April 24th to August 24th, the young 

vegetation on one half of the field was plucked by hand 
thirteen times, in imitation of the effects of pasturage, 
while the other half was mown twice. 

Lhe following table gives in pounds per Prussian Jfor- 
gen, first, the total yield of the several nutrients, and sec- 
ond, the amounts of digestible nutrients obtained. 

Toran YIELD. 
vere rt a ome 

Dry ; Nitrogen-free 
substance. Protein. Crnde fibre, extract, 

Lbs. Lbs. Lbs and fat, 
Lbs, 

Plucked........ ... 2,122 575 300 1,002 

Mown twice.........| 3,392 485 899 1,797 

DIGESTIBLE. 

Plucked..........4. 1,457 450 239 768 

Mown twice......... 2,016 807 444. 1,264 
erin amma necked, 

* Wolff, ‘‘ Ernahrung Landw. Nutzthiere,” p. 108, 
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The composition of the water-free substance of the two 
fodders was: 
— any rere matasnhtnvtntntihiet ey eth entn hIRithe REET panei beter tt—RH RM IT REI RRA TROPIC RRO R-tree tiisabnhapmAt onlin 

Plucked. Mown twice. 

Protein... cee cece ae ee ee eee 27.07 13.42 

Orude fibre... .. ce cece eee 16.74 271.14 

Bat cc... cc eee ec ee ee eae .. 5.09 8.69 

Nitrogen-free extract.......... 42.09 49.69 

Ash ..... aes cece eens eecees . 9.01 6.06 

In this experiment the frequent cutting gave a very rich 
fodder, and, at the same time, yielded absolutely more di- 
gestible protein and about 40 per cent. less non-nitrogenous 
digestible matters per acre. 

All these results indivate that the richest fodder and 
the largest yield of digestible matters per acre may be ob- 
tained by cutting two or more crops of comparatively 
young grass in a season, rather than one crop of over-ripe 
vegetation. 

In practice, however, the fertility of the soil, the length 
of the season, the cost of labor, ete., have to be considered, 
and in the nature of the case, no general rules can be 
given. The chief advantage of early cutting lies in the 
better quality of the resulting fodder. Late cutting, if 
not too late, yields a greater number of pounds of digest- 
ible non-nitrogenous nutrients per acre than early cutting, 
but the resulting fodder is deficient in albuminoids and is 
usually not suitable for exclusive feeding. Obviously, how- 
ever, circumstances may be such as to render it more eco- 
nomical to supplement the poor hay obtained by late eut- 
ting by nitrogenous bye-fodders than to be at the expense 
of cutting two or more crops, while under other conditions 

13* 
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the opposite course may be advisable. Such being the 

case, each farmer must strike the balance for himself 

between quality, quantity, and cost. 

Rowen.—It is evident that the value of rowen must be 
very variable, according to the soil, the time at which the 
first crop was taken off, ete. It is generally likely to be 
cut at a comparatively early period of growth, and then, 
if properly cured, constitutes an excellent fodder. It is, 
however, more liable to injury from wet than the coarser 

hay of the first crop, and may easily suffer considerable 
damage in this way. 

Pasture Grass.—The high nutritive value of the young 
grass of good pastures is evident from the foregoing para- 
graphs (compare the analysis on p. 292). The question of 
the relative advantages of pasturage or stall-feeding, how- 
ever, is a purely economical one, and as such is entirely 
outside the scope of this work. 

Proportion of Non-Protein in Hay.—TIecent inves- 
tigations, especially those of Kellner, already alluded to (p. 
37), have shown that a comparatively large proportion of 
the nitrogenous matters of hay and other coarse fodders 
is not albuminoids, but belongs to some of the classes of 
non-albuminoid nitrogenous matters enumerated on page 
34, and which we have collectively designated as non-pro- 
tein. In thirty-one samples of various kinds of coarse 
fodder, he found (doe. eit., p. 245) the non-albuminoid ni- 
trogen to range from 0.102 to 2.183 per cent. of the dry 
matter of the fodder, and from 7.5 to 88.5 per cent. of the 
total nitrogen. In meadow hay the range was 0.102 to 
0.983 per cent. of the dry substance, and 7.5 to 34.8 per 
cent. of the total nitrogen. In nineteen samples of hay 
examined by the anthor,* t the non-albuminoid nitrogen was 

me —_ NerraneaimnerTim—ereertrmieetnemrns hn apuintngym teint gion let TRAN LL ita 

* Report Conn, - Ag'l I Expt. Station, 1879, p. 112, 
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found to be from 0.09 to 0.46 per cent. of the air-dry sub- 
stance (14.3 per cent. of water), and from 8.93 to 24.36 
per cent. of the total nitrogen, the average being, respect- 
ively, 0.21 and 16.70 per cent. According to MKellner’s 
investigations, most of the non-albuminoid nitrogen exists 
in the form of amides. 

Although the amides, as we have seen, are easily di- 
gested and have some nutritive value, yet they cannot be 
considered equal to the albuminoids, and it is clear that 
the large amount of them which hay sometimes contains 
must diminish its value. 

Non-protein in early-cut Hay.—The statements made 
on page 36 respecting the functions of amides in the plant 
would lead us to expect to find them chiefly in those plants 
or parts of plants where growth was going on, while in 
those which had reached their full development we should 
anticipate finding most or all of the amides reconverted 
into albuminoids, except in cases where, as in the bect, 

they act as a reserve of nitrogenous food. As a matter of 
fact, those investigations which have hitherto been made 
confirm, in the main, these anticipations. 

Thus Kellner’s results show that, in general, the pro- 
portion of non-protein is greatest in the hay from young 
plants, and decreases as the latter approach ripeness. An 
interesting difference was observed in this respect between 
the common grasses (Graminew) and the legumes; in the 
former the decrease in the amount of non-protein with 
approaching ripeness was very marked, while in the latter 
it was much less noticeable. The former are plants which, 
after flowering, cease to assimilate to any great extent, 
while the Jatter, along with the formation of flower and 
fruit, continue to grow and assimilate food, and thus offer 
the conditions for the formation of amide compounds. 
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The following table of a few of Kellner’s results, giving 
the proportions of total and non-albuminoid nitrogen, will 
serve to illustrate these facts : 

Now ALBUMINOID 
NITROGEN. Amide 

Total ce eee | Nitrogen, 
nitrogen, (Sachsse’s 
Per cent.* Per cent of |} method ) 

Per cent.* total Per cent.* 
nitrogen. 

LUCERNE. 

1. Cub April 7, 14 in. high. . 6.922 2.183 80.5 | wees. 

2  * 412,34 in high. 5.760 2.042 85.5 | ..... 

8 2dcut,without fowerbuds! 8.570 1.188 30.1 1.025 

4, Before flowering, 184 m. 0.613 
high... .... cee ee eeees 24°74 0 721 29.1 

5. In flower, 224 in. high... | 3.008 0.729 24.2 0 687 

RED CLOVER. 

1. Cut March 27, 14 in. high 5.200 1 958 5 A rr 

‘¢ April 27, 24 in. high, 3.974 0.975 24.5 | 1.6. 

8. In full flower........... R244 | ...,. (16.5) 0.370 

Meapow Hay, 1877. 

1. Cut May 14............. 2 824 0.983 84.8 0.892 

2 ** June9.t.......... . 1.787 0.285 16.0 0.239 

+ Fa -,) 1.354 0.102 75 0.083 

Kellner also shows (doc. cét., p. 248) that hay which hag 
been heavily manured, like that whose analysis is given 
on page 290, is usually rich in non-albuminoid nitrogen. 

* Per cent of water-free substance, 
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Obviously, these results have an important bearing on 
the comparative value of early-cut as compared with late- 
cut hay. In all the experiments on this subject which are 
adduced in the foregoing paragraphs, the protein includes 
all the nitrogenous matters of the fudders. Could the pro- 
portion of non-protein have been taken into account, the re- 
sults would, doubtless, have been somewhat modified ; but, 
at the same time, it does not appear probable, from what 
we now know, that they would have been essentially dif- 
ferent. In all Kellner’s experiments, the amount of true 
protein, as well as of non-protein, was greatest in the 
earliest cut fodders, and we have seen (p. 265) that the 
true protein of early-cut lay appears to have a greater 
digestibility than that of Jate-cut. 

Moreover, most of the non-protein was in the form of 
amides, which we have seen to have a certain nutritive 
value. 

While, then, these recent results show that the compara- 
tive value of early-cut hay and green fodder may have 
been overestimated somewhat, they still show that its 
quality is stperior to that of late-cut, other things being 
equal. 

§2. Tan Lecumns. 

The legumes—including the various kinds of clover, 
lucerne, vetches, lupines, etc., as well ag peas and beans— 
are characterized by the large proportion of protein con- 
tained both in the plant as a whole, and in the seeds. 
Owing to this and to the fact that they are plants which 
are much more independent of the supply of nitrogen in 
the soil, or at least in manures, than are the grasses and 
grains, they are of much importance in agriculture. As 
fodders, when properly cut and cured, they are very rich, 
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but have the disadvantage of being rather bulky, and of 
being easily subject to deterioration by mechanical losses. 

Crover anp Crover Hay.—What has been said con- 
cerning the variable composition of meadow grass and hay 
applies with equal force to clover and to all coarse fodders. 

As a general rule, clover is richer in nitrogenous matters 
than grass, and an admixture of clover with meadow hay 
usually improves the quality of the latter, while not im- 
parting to it the bulkiness of pure clover hay. 

As regards its digestibility, it may be said that, com- 
pared with meadow hay, its protein is about equally 
digestible, its crude fibre decidedly less digestible, doubt- 
Jess owing to the lignin which it contains (p. 41), and its 
nitrogen-free extract and fat rather more digestible. As 
in meadow hay, however, the digestibility is largely in- 
fluenced by the quality of the fodder, and this again by 
the same influences which affect. that of all coarse fodders. 

Period of Growth.—What has been shown to be true 
of meadow hay in this respect applies also to clover. ‘The 
earlier it is cut the more concentrated and digestible a 
fodder does it yield, while, as it grows older, the crude 
fibre increases, and it becomes coarse and less easily 
digestible. 

For example, analyses made in Hohenheim of clover cut 
at' different times gave the following percentages of pro- 
tein in the dry matter : 

Cut May Ist... 0... . eee eee . 23.3 per cent. 
“« June 13th................. 166 « 
11) Ga 14 “« 
July 20th................. 114 « 

In Mockern the following results were obtained for pro- 
tein in the dry substance: 
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Cut May 20th......0.......... 19.6 per cent. 
«June Tthe. eee eee eee, 16.3% 
CO B0th Lee eee 13.2 “ 

That with the decrease of protein and increase of crude 
fibre the digestibility of the former as well as of the total 
organic matter decreases has been already shown (compare 
p- 263). 

Best Time for Cutting.—In regard to the best time 
for cutting clover, the considerations advanced in the pre- 
ceding section concerning grass are applicable, as shown by 
numerous experiments. That clover, when cut young, Is 

of better quality has been sufficiently shown already. In 
regard to the advantages of early and frequent cutting, the 
experiments, while they speak decidedly in favor of it, do 
not all give such striking results as those on grass. One 
such experiment on a mixture of grass and clover has al- 
ready been adduced (p. 296). Another, also made in 
Proskau, gave the following results in pounds per Prus- 
sian Morgen: 

Dry matter,| Protein. 
Lbs. Lbs, 

Three cuttings. ...ccccceacscanesneccsetestense 8,576 750 

Two cuttings..........-.eeeeeenes beens eenee 3,392 485 

Here, again, we have a decided gain by the more fre- 
quent cutting, even taking no account of the better quality 
and greater digestibility of the fodder. 

Clover and similar plants, to be sure, do not endure too 
frequent cutting as well as the grasses; if cut often, they 
frequenfly yield only.a relatively small amount of fodder, 
but one of excellent quality. 
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In Tharand, one part of a clover field was cut six times 
between May 29th and August 24th, in imitation of the 
effects of pasturage. The resulting fodder and one ob- 
tained from another portion of the same field in two cut- 
tings (July 7th and August 24th), made when the clover 
was in full bloom, yielded the following amounts of dry 
matter, protein, and crude fibre, in pounds, per Saxon 

Morgen: 

Dry 
matter, Protein, Crude fibre. 
Lbs. 

sareemnniamel 

Six cuttings, .| 2,924 |615 lbs =21.0 per cent | 637 lbs. = 21.7 per ct. 

Two cuttings | 5,811 |762 lbs 13.1 per cent. /1,954 lbs. = 338.6 per ct. 
ims tet teti 

‘ 

Although nearly twice as great an amount of dry matter 
was obtained from the older clover, the advantage thus 
gained was nearly equalized by the far better quality of 
the younger, especially if we judge it by its content of 
protein. The percentage composition shows that the abso- 
lute quantity of digestible protein in the young clover was 
as great, and perhaps greater, than that in the old. 

Losses in Curing.— What has already been said of the 
losses incident to the curing of hay in the ordinary man- 
ner applies with still greater force to clover. The stems 
of clover are comparatively coarse and thick, while the 
leaves, on the contrary, are thin andtender. Consequently, 
an amount of drying sufficient to properly cure the stalks 
is likely to render the leaves so dry that they will easily 
erumble and be lost in handling. Still further losses of 
the same sort are liable to occur in the mow in the course 
of a winter. 

These losses are all the more serious because the leaves 
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of clover are especially rich in protein, and this protein is 
probably far more digestible than that of the stems. In 
one observation the dry matter of the leaves was found to 
contain 22.3 per cent. of protein and that of the stems 
only 12 per cent., while of the total quantity of protein 
more than half was contained in the leaves. In other 
cases still greater differences between stems and leaves in 
this respect have been found. 

All these considerations show the importance of avoid- 
ing these mechanical losses, so far as possible, by rapid 
curing, carried no further than is necessary, and an avoid- 
ance of much handling. 

Effect of Wetting.—Clover is still more liable to suffer 
loss by rain than meadow hay, since from 25 to 40 per 
cent. of its dry matter is removable by extraction with 
cold water. 

The loss consists largely of soluble portions of the nitro- 
gen-free extract, and to a less degree of protein and ash, 
while the crude fibre is naturally but little affected. As a 
consequence, the residue contains much more fibre and 
much less extract in 100 parts, while the percentage of 
protein is usually little changed. 
An extreme example of the deterioration of clover con- 

sequent on exposure to rain is afforded by the two follow- 
ing analyses made at Méckern. 

The two samples grew in the same field, and were cut 
at the same time—at the beginning of flowering—but 
No. 1 was cured quickly without any essential loss, while 
No. 2 was exposed for fourteen days to almost daily 
heavy showers. The latter, when it was finally dried, ap- 
peared of tolerable quality, and could still be used as fod- 
der, but a chemical éxamination showed that it had lost by 
extraction and fermentation 27.4 per cent. of the original 
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dry matter, viz., 3.8 per cent. of protein, 20.6 per cent. of 
nitrogen-free extract, and 3 per cent. of ash. The percent- 
age composition of the two samples of hay in the air-dry 
state (containing 16 per cent. of water) was as follows: 

No. 1. No. 2 

Water. occ cee cence ee cece nec eent ence anaes 16.0 16 0 

Protein. 2... cece eee ce een teen teen seetnneeee 14.6 15.8 

Crude fibre... kkk kee ccc ccc ete n eee eet n eee 20.3 37.4 

Nitrogen-free extract and fat............cc0eees 36.1 23.4. 

BN) | 8.0 75 

It appears at first sight that No. 2, instead of having 
deteriorated, was rather improved in quality, since it con- 
tains 1.2 per cent. more crude protein than No. 1. 

The increase is, however, only apparent, and is due to 
the fact that relatively more non-nitrogenous than nitro- 
genous nutrients are removed from clover by water; so 
that there may be a loss of protein and, at the same time, 
an increase of its percentage quantity in the residual fodder. 

The protein remaining in the hay, however, must be the 

less digestible portions, and the amount of digestible pro- 
tein would doubtless be greater in the good hay. 

The great relative increase in the crude fibre deserves 
notice. It is, of course, due to the loss of the more soluble 
ingredients, and must tend to decrease still further the 
digestibility and value of the hay. These facts explain 
why, in practice, clover hay is sometimes met with which, 
although it contains considerable protein, is of the poorest 
quality, because it contains at the same time much erude 
fibre and little extract and is very coarse and indigestible. 
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Lucurnt.—This important fodder plant is in general 
even richer in protein than red clover, but is inclined to a 
more rapid formation of woody fibre after the flowers ap- 
pear. Wagner* found the water-free substance of two 
samples cut respectively May 31st and June 30th to have 
the following composition : 

May 81st | June 80th, 

Protein, .... se mc ea en anaene Ona ena w ewer enausuen 21.19 16.27 

Fat... cece cee e cee nn cons eo eee n een ae cemescans 3.04 2.36 

Nitrogen-free extract... .. acces ea ene cencnens 36.74 oT 80 

Crude fibre... cc cece ce ew eect enc ce ence secenes 29 90 35 94 

Ashi... cee wen e nee nese eeueecaee Sern 9.13 8.13 
Leaman nest 

100 00 | 100 00 

Evidently lucerne demands early cutting, even more 
than clover, in order to yield a highly nutritious fodder. 

Digestibility.—Most of the digestion experiments on 
lucerne hitherto executed have been made on material of 
exceptionally good quality, and much superior to what 
would be obtained in practice by the ordinary methods of 
curing. 

Consequently, the digestion coefficients given in the 
Appendix are probably higher than would be ordinarily 
observed. In some recent experiments by Kellner + the 
digestibility of ordinary lucerne hay as cured in the field 
(No. 1) was compared with that of hay from the same 
piece of ground, dried under cover and without loss (No. 

acae AIR Keir. TRaIRERAIENNIEAIN sim ye abc ine aE ITTEMeRMRTTaN YaRMNER TERN nee 

* Jahbresber. Agr. Chem., XVI, 25. 
}Landw, Versuchs-Stationen, XXT., 425. 
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9). The composition and digestibility of the water-free 
substance of the two samples were as follows: 

COMPOSITION. 

Nitrogen- 
Protein. | Crude fibre. | free extract Ash, 
Per cent. Per cent. and fat. Per cent. 

Per cent. 

No. 1... 2.250 cane ocean canes 14.94 33.90 44 22 6.94 

NO. 2. Lecce ce ea eee 17.00 31.81 43.80 7.39 

DIGESTIBILITY. 

No. 1 ° 67 45 62 23 

0 71 48 G6 29 

One thousand pounds of the green plants yielded the 
following amounts of digestible matters : 

No. 1. No. 2. No, 1. No. 2 
Lbs, Lbs. Lbs. Lbs, 

Dry substance...| 140.16 | 162.84 ||Crude fibre...... 39,52 

Organic matter. .| 185.92 | 156.48 ||N. fr. ext. and fat} 70.52 | 80.76 

Protein........../ 25.64 | 83.68 Ash ,.......... 4,08 5.9 

These results furnish a fresh illustration of the influence 
of the composition of a fodder on its digestibility, while 
the second table shows, in a striking manner, the very con- 
siderable losses incident to field curing. 

As compared with clover of the same quality, we may 
assume, with comparative certainty, that the crude protein 
of lucerne is at least equally digestible. On the other 
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hand, the crude fibre of lucerne is decidedly less digestible 
than that of clover, the nitrogen-free extract of the two 
fodders is about equally digestible, and the fat of lucerne, 
like that of meadow hay, seems to be difficult of digestion. 

The large proportion of digestible protein which it con- 
tains renders lucerne both absolutely and relatively a very 
nitrogenous feeding-stuff. If fed exclusively, especially as 
green fodder, it supplies an excess of protein, and hence 
causes a waste of this valuable nutrient. It should there- 
fore, in most cases, be used in connection with some feed- 
ing-stuif poor in protein, such as roots or straw, to realize 
the best effect. 
Vetones. — The coefficients given in the Appendix for 

vetches, are the results of six digestion experiments made 
in Ifohenheim on sheep. The fodder was of excellent 
quality, cut at the very beginning of flowering, and cured 
in favorable weather; it is therefore not surprising that 
the digestion coefficients were nearly the same as those of 
the best clover hay, and for protein even higher. 

Like lucerne, the vetch is inclined to a rapid formation 
of woody fibre after flowering, and deteriorates in quality. 
In Waldau the following percentages of protein and crude 
fibre were found in the water-free substance : 

Protein. Crude fibre. 
Per cent. Per cent. 

Cut May 23d ..... sececenerees 20.4 20.8 

‘July 12th......... seca eee 13.8 89.8 
em ntnnpneitbeeit—_sypeenina wnsldemeimeneHiiihiterpeeniaiihiil Im PRAIA _erhieomatrhneniniNBlaneAniieeheetin inition ln nentniunaimnanaatenlicmerariieltinieii dente APA ERA AORERARI RH EORYOTIPSTRURTU ORI NURNION ARMANI NY HA Se manenaaemnaamimeanieeningennanie 

In the state in which vetches are generally used for fod- 
der, however, they may safely be considered to have a 
higher percentage of protein than clover. 
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Lurres.—The yellow Iupine yields, when cut just at 
the end of flowering, the most highly nitrogenous of all 
coarse fodders. 

Experiments by Heidepriem * on Inpine hay cut just as 
the pods were beginning to form, perhaps somewhat car- 
lier than is customary in practice, showed that it contained 
the enormous quantity of 27.8 per cent. of protein in the 
dry matter. 

The digestibility of the protein by sheep was found to 
be 74, that is, almost the same as in vetches and lucerne. 

This seems to indicate that at about 80 per cent. we have 
reached the maximum to which the digestibility of the 
protein of coarse fodder can rise, since with about the 
same percentage of crude fibre the quantity of protein 
varies in the three fodders just named from about 19.2 
per cent. to 27.8 per cent., without producing any consid- 
erable increase of its digestibility. 
A striking fact is the high digestion coefficient found 

for erude fibre (74), while in vetches and lucerne, both of 
similar composition, it was much lower, viz., about 54 
and 38 respectively. 

If this observation be trustworthy, lupine hay forms an 
exception to the general rule that the nitrogen-free extract 
is a measure of the total digestible non-nitrogenous matter ; 
the relation in this case was found to be 100: 124, 7. ¢., for 
100 parts of nitrogen-free extract, 124 parts of extract and 
crude fibre together were digested. 

Alkaloids of Lupines.—As is well known, lupine hay 
and green lupines, as well as the seeds of this plant, 
must be used almost entirely for sheep fodder, since other 
domestic animals eat them only unwillingly on account of 
ft ir 

* Jahresber, Agr. Chem., 16, II., 118, 



MANUAL OF OATTLE-FEEDING. 311 

their bitter taste, which is due to the alkaloids which they 
contain (compare p. 35). The large amount of protein in 
the lupine, however, renders it a valuable fodder, especially 

since it thrives best on a light, sandy soil and can contrib- 
ute essentially to the improvement of the latter; but it 
must be fed even to sheep with caution, and only in com- 
bination with other fecding-stuffs less rich in protein. 

Poisonous Effects.—At various times poisonous effects 
have been observed to result from the feeding of lupine 
hay to sheep. These effects have frequently been ascribed 
to the alkaloids which it contains. In some years and in 
some places they have been very disastrous, while at other 
times or in other places no such results have been observed. 
More recent investigations indicate that the amount of al- 
kaloids present in the hay is too small to produce any evil 
results, and that the cause of the poisonous effects is to be 
sought in fungi which attack the plants under certain, as 
yet unknown, conditions. 

Oturr Lecumes.—Desides the plants above described, 
there are a number of others which serve, to a greater or 
less extent, as fodder, either alone or in combination with 
other feeding-stufts. 
Numerous analyses of these plants have been made, but 

only exceptionally have they been the subject of exact di- 
gestion experiments, and hence their digestibility and value 
as fodder can be only approximately estimated by com- 
parison with similar feeding-stuffs of analogous composi- 
tion. 

The so-called Swedish clover (Trifolium hybridum) is 
similar in quality to red clover, except that it is generally 
more tender and richer in nitrogen, and can be fed to ad- 
vantage ina more advanced stage of development. This 
is true in a still higher degree of white clover (Z. repens), 
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which, however, is generally cultivated only for pasturage 
in conjunction with other clovers and grasses. 

The Medick (Medicago lupulina), frequently but incor- 
rectly called yellow clover, must also be considered an ex- 
cellent fodder, so far as mechanical state and chemical 
composition go, while the incarnate clover (Trifolium tn- 
carnatum) easily becomes woody, and has less nutritive 
value. 

Another forage plant which is stated by some authors 
to have been lately brought before the public in Germany 
under various high-sounding names, is the sweet clover 
(Melilotus alba), also called “ Bokhara clover” and “ Stone 
clover.” It does not appear, however, to be of any great 
importance, except possibly in dry, stony soils. It appears 
imposing on account of its height, but the proportion of 
leaves to stem is small, and the coarse stems rapidly be- 
come very woody, necessitating an early harvest. 

The ethereal oil (cumarin) peculiar to the plant, too, 
though agreeable to cattle in very small quantities, renders 
the fodder unpalatable, if present in more than a trace. 
On this account, sweet clover should never be fed ex- 

clusively. When it forms a third, or perhaps, in ease of 
sheep, a half of the whole ration of coarse fodder, the ani- 
mals eat it freely, and it may be reckoned a fair fodder for 
sheep, horses, and oxen. It would probably not be suit- 
able for milk cows, as the cumarin would be likely to im- 
part a flavor to the milk. 
Many authorities place a high value on the kidney-vetch 

(Anthyltis vulneraria), especially for light, sandy soils, where 
clover does not flourish. It is somewhat poorer in protein 
than the foregoing plants, but also contains less crude fibre, 
and is not inclined to become woody so rapidly. 
Among its advantages are reckoned the facts that it is 
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suited for a light, dry- soil; yields a comparatively large 
quantity of nutrients even in dry years, when most crops 
are “burned up;” that the fodder made from it is very 
wholesume; that it resists frosts well; and that in the fall 
it may be pastured without injury to the next year’s crop. 
It is eaten willingly by sheep and cattle, either green or as 
hay, and liorses soon become accustomed to it. 

The esparsette or sainfoin (Onobrychis sativa) seems, 
according to our present knowledge, to at least equal red 
clover in its percentage of protein, and to retain its pala- 
tability and digestibility to a somewhat later stage of 
growth. 

Another plant cultivated on sandy soils—the seradella 
(Ornithopus sativus)—yields an especially fine, palatable, 
and easily-digestible fodder, which has the advantage over 
other forage plants that it retains its full value to the end 
of the flowering period. 

It gives comparatively small crops, however, and in cur- 
ing, the leaves, ¢.¢., the most valuable part, are easily 
lost. These last two crops, which seem to be but little cul- 
tivated in this country, are ranked by some authorities as 
of equal value with clover, and as even superior to it in a 
dietetic point of view, since they are not “heating.” Like 
the kidney-vetch just spoken of, they withstand drought 
much better than clover, and it is claimed that a new va- 

riety of esparsette has been produced which yields larger 
crops. 

This is not the place for a description of the plants or of 
their cultivation, but it would certainly be of interest to 
experiment on their cultivation in this country. 
Non-Prorem uv tin Leaumes.—On page 299 attention 

has already been called to the fact that the proportion of 
non-protein in the hay from leguminous plants is generally 

14 3 
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large, and does not decrease very markedly as the plants 

approach maturity. 

Kellner’s analyses are as yet the only ones that have 

been made. As the average of all his results, the non- 

protein amounted to 28.42 per cent. of the total nitrogen- 

ous matters, the variation being from 16.5 to 3.5 per 

cent. 

§ 3. HUNGARIAN Grass. 

Composition Hungarian grass, or millet, has long 

been cultivated as a fodder plant in Southern Europe, 

where at least three species of it are distinguished. It is 

stated to withstand drought well, and to yield its largest 

crops in dry, hot seasons. It is a rapid grower, occupying 

the ground but about three months. 

Only four analyses of millet grown in this country are 

reported.* The average of these analyses gives it about 
the composition of fair meadow hay. Two of these 
analyses, however, were made on somewhat immature 

samples, which were consequently richer in protein. The 
average of the other two samples is: 

Water..... eee ceecenees cab ee eres naemeaees . 16 70 per cent. 
oS) or ce aeee ... 582 * 

Protein....... cece een ences aacccevcenveee ODL 

Crude fibre. ........ epee eeewees peeenecesses 2305 £8 
Nitrogen-free extract........... cee eeeee peor 42.15 ff 
Fat ....cc.eeeee ees ccaccncceseecesensesece Loh § 

100.00 

A fodder of this sort has about the same composition as 
the poorer grades of meadow hay. It is deficient in pro- 
tein and rich in non-nitrogenous nutrients, and hence 

* Report Conn, Ag’l Expt Station, 1879, p. 109 
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must be supplemented by some nitrogenous bye-fodder 
such as oil cake, in order to form a suitable ration for pro- 
ductive purposes. 

But one examination of millet for non-protein has been. 
made.* In this case nearly 40 per cent. of the nitrogen 
was found to be contained in non-albuminoid compounds. 
Digestibility—No determinations of the digestibility 

of millet have been made. Yor the present, until such 
determinations have been made, we may assume it to have 
about the digestibility of hay of similar composition. 

§ 4. Marizm Foppmer anp STOVER. 

Compositién.—By maize fodder we understand maize 
which is grown exclusively for the sake of its stalks and 
leaves, is cut comparatively early, and is either used for 
soiling or cured for winter fodder. By the term stover 
we designate the stalks and leaves of ripe maize from 
which the ears have been removed. The two are the 
same plant in different periods of growth, and it is evident 
from what we have already learned of the composition of 
plants in different stages of development, that maize fod- 
der must vary greatly in composition according to the 
time at which it is cut, while stover will be found very 
much poorer in protein and richer in crude fibre and carb- 
hydrates generally. 

Green maize is a very watery fodder, containing from 
80 to over 90 per cent. of water, but when cut early its 
dry matter is quite rich in protein. It is a very palatable 
fodder and well suited for milk cows, but is too watery for 
exclusive use. 
a eteeatenaaaenammincameniin | eppieemeneatanmeniambmmiantmemamenaiamenneneimioietiannapmmanenaniadianniaanaatienamemman al amnmandsanmnimennediane uumeeeneniaeedaetoreunintanaenentimdanemanenenmunadeaneintatananamaanmabbameaannaniemamnmnisansmemmaam tim ainie abnaininemniiainanesihenaeiteamimiiadtadtmemntemn ibddteaaenniataemdl 

*Report Conn. Ag"l Expt. Station, 1879, p. 112. 
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That which is cut later, and especially that which is 
commonly cured for winter fodder, is usually rich in carb- 
hydrates but poor in albuminoids, having a nutritive ratio 
of 1:9 to 12, or even wider. On this account it cannot 

be used exclusively, but must be supplemented by more 
nitrogenous feeding-stuffs ; but when its proper function 
is recognized, viz., to furnish chiefly non-nitrogenous nutri- 

ents, and its deficiency of protein is made up by other in- 
gredients of the ration, it forms a valuable fecding-stuff, 
which experience has shown to be well adapted to cattle. 
The necessity for the use of nitrogenous bye-fodders is, of 
course, still greater in the case of stover, which is esti- 
mated by Wolff to have about the samme nutritive value as 
rye straw. 7 

Digestibility.—On the digestibility of maize fodder we 
have but a single experiment, by Moser,* on a very good 
quality of maize fodder, which showed a high digestibility 
of all the nutrients, particularly crude fibre and fat. 

From the results of one such experiment, however, no 
general conclusions regarding the digestibility of a fudder 
can be drawn. 
Ensilage.—Within a short time the process of “ ensi- 

lage” has been recommended to our farmers as a most 
advantageous method of preserving maize fodder in par- 
ticular, and a few practical trials of it have given favorable 
results. While some extravagant claims have been made 
for it, it doubtless possesses certain advantages over field 
curing as well as certain disadvantages peculiar to itself. 

The process consists essentially in storing the finely ent 
green fodder in suitable receptacles, in which it is closely 
packed, and which are so arranged as to exclude the air as 

Peeireriietiitinerenrreriimmeitantlin!  -ReTInsiAieient LE tintin SAMhieeeaM een Sn Ath 

*Landw Versuchs Stationen, VIII. 93. 
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completely as possible. For a more detailed description 
of the method, the reader is referred to the recently trans- 
lated work on this subject by Goffart. With unessential 
modifications it has long been in use in Germany, the pro- 
duct being known as “sour maize” or “sour hay,” while 
if the fodder be partly dried before being stored, it yields 
“brown hay.” 
Advantages of Ensilage.— The chief advantages of 

ensilage as a method of preserving fodder are, that it is 
independent of the weather, a great advantage in some lo- 
ealities; that the fodder is handled when green, and that 
therefore no loss of the more tender and nutritious parts 
need be feared ; that the resulting fodder is soft and easily 
masticated, and that the fermentation which takes place 
in it renders it, perliaps, more palatable to the animals. 

These are not unimportant advantages, and in many 
cases may be sufficient to cause the adoption of the 
method. On the other hand, ensilage, of itself, adds 

nothing to the value of the fodder submitted to it, but 
rather diminishes it. 

Chemical Changes in Ensilage.—In the silo a sort 
of fermentation is carried on at the expense of the ex- 
tractive matters of the fodder, resulting in the formation 
of various organic acids and volatile bodies, and naturally 
diminishing the quantity of nitrogen-free extract, and 
thereby increasing the percentage of all the other ingre- 
dients. 

This is illustrated by the following analyses of fresh 
maize and ensilage by Grandeau.* The two contained re- 
spectively 86.20 per cent. and 81.28 per cent. of water. 
The dry matter had the following composition: 

* Jour, @Agric. prat., 1875, pp. 77 and 126. 



318 MANUAL OF CATTLE-FEEDING. 

ceed 

Fresh. Ensilage, 
Per cent. Per cent, 

Protein... ..c.ceeeeceees eoseee 6.52 6.62 

Fat oo. ccc cece eve een ees eeceee 1.30 1.92 

Nitrogen-free extract........ we 58.71 53,21 

Crude fibre......... cone te cceae 26.59 26.23 

ASH... cneeeees ben eenesoescees 6.88 12.02 

100.00 100.00 

Some investigations by Weiske * on the ensilage of es- 
parsette, in which the total amount of loss by fermenta- 
tion was determined, show the nature of the alterations 

which the fodder undergoes still more clearly. 
The composition of the dry matter of the fresh espar- 

sette, as it was applied to the preparation of “brown 
hay” and “sour hay,” and that of the dry matter of the 
two latter, was as follows: 

Nitrogen- 
Protein. Fat. Crude fibre. free Ash, 
Per cent. Per cent, Per cent. extract, Per eent, 

Per cont. 

Fresh, ......+0-- 18,56 2.89 33.93 38.60 6.02 

Brown hay...... 20.69 4.87 Be Oo 85.06 7.00 

Sour hay........| 20.44 6.02 35.18 30.88 7.48 

As before, the fermented fodder is poorer in nitro- 
gen-free extract and richer in other ingredients than the 
original materials. The loss of dry matter during fermen- 
tation was, in the case of the brown hay, 18.5 per cent., 

* Jour. f. Landw., 1877, p. 170, 
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and in that of the sour hay, 24.0 per cent. Consequently 
100 pounds of the dry matter of the unfermented fodder 
yielded the following quantities of nutrients in the three 
cases : 

Nitrogen- 
Protein. Fat. Crude free Ash. 

extract. 

a emiaintnemembtiemidentinimmaneit Temaamabentenerenenimaremesnene saath Genemmemseecsasnmnemme emmenenennts Re ore | camino, 

Fresh (pounds).| 100.0 | 18.56 2.89 | 383.93 | 38.60 {| 6.02 

Brown hay ‘ 81.5 | 16.86 3.97 | 26.389 | 28.57 | 5.72 

Loss (pounds). 18.5 1.70 | +1.08 7.54 | 10.18 |} 0.30 

Loss (per cent.) 18.5 9.2 (+374 22.2 26.3 5.0 
aentiensimmenenetnneiaemnenmnaneny Tamaenaaeneaial _s-heoniehenemermaemenens ennai ndmnetter 

Fresh (pounds).; 100 18.56 2.89 | 38.93 | 38.60 | 6.02 

Sourhay ‘* 76 15.53 4.57 | 26.74 | 23.47 | 5.69 

Loss (pounds).| 24 8.03 | +1.68 7.19 | 15.18 | 0.38 

Loss(pereent.)| 24 16.3 |+58.1 21.2 89.2 §.5 

oe 

These results render it evident that the preparation of 
brown hay, and still more that of sour hay or ensilage, in- 
volves a much greater loss of substance than is ordinarily 
to be feared in drying in the field. It 1s possible that the 
losses would be smaller with maize than with a highly ni- 
trogenous fodder like clover or esparsette; but they are, 
doubtless, considerable. The apparent increase in the fat 
during fermentation appears to be due to the formation of 
lactic acid and other substances soluble in ether. 
A certain advantage may perhaps be gained by ensilage 

in so far as the resulting fodder contains a larger propor- 
tion of protein, and therefore does not require so large an 
addition of bye-fodder. Corn being a comparatively 
cheap crop, the losses of material during the fermentation 
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might be compensated by the improved quality of the 

residue. 

It does not appear from Grandeau’s analyses, however, 

that there is any very marked difference in this respect 

between fresh maize andensilage. If this is generally the 

case, then fermented corn fodder has all the advantages of 

the fresh fodder, and no others, except perhaps as regards 

palatability, and ensilage is to be looked upon simply as @ 

method of preserving corn fodder, and the question of its 

adoption is a purely economical one. 

Effect on Digestibility.—No comparative experiments 

on the digestibility of ensilage have been made, but a few 

experiments in which small amounts of fodder were fer- 

mented (compare page 266} showed rather a decrease than 

an increase of digestibility. In Weiske’s experiments the 

digestibility of both the brown and sour hay was found to 

be quite low. Weiske also found that the brown hay of 

lucerne had about the same digestibility as that dried in 

the field. It is not, therefore, to be anticipated that ensi- 

lage will be found to materially affect the digestibility of 
fodder. 

Quality of the Fodder.—The value of fodder pre- 
served by ensilage must evidently depend on the quality 
of the original material. The loss of non-nitrogenous 
roatters which it suffers narrows the nutritive ratio some- 
what, and renders it more valuable, pound for ponnd, than 
the green fodder. With this exception, the remarks al- 
ready made concerning the quality and value of maize, as 
well as of other fodders, are applicable here. It is espe- 
cially important to recollect that the composition of the 
ensilage, and its nutritive effect, must, of necessity, be just 

as variable as those of the fodder from which it is pre- 
pared. 
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The few analyses of ensilage which, we possess show 
that, like corn fodder, it is rich in non-nitrogenous nutri- 
ents and poor in protein, requiring the addition of a bye- 
fodder rich in protein in order to produce the best re- 
sults. 

In conclusion, it may be added that in some cases inju- 
rious effects have been observed to result from too great 
acidity of the fermented fodder—a fault easily remedied 
by the addition of a little pulverized chalk. 

25. Tors or Roor Crops. 

Composition.—The leaves of the various root crops are 
very watery, but their dry matter is usually rich in nitrog- 
enous matters, and contains but a small percentage of 
erude fibre. On the other hand, much of their nitrogen 
appears to bein the form of non-protein, and the leaves of 
mangolds and sugar beets in particular possess strong pur- 
gative properties, owing to the large proportion of salts and 
of organic acids which they contain. Consequently they 
must be fed with caution. German authorities recommend 
that they be treated by ensilage, and used in small quanti- 
ties as an addition to winter fodder. Carrot and turnip 
tops possess the injurious property just named to a less 
degree. 

Digestibility.—Experiments by Wildt* on the digesti- 
bility of fermented beet leaves, when fed with barley 
straw to sheep, showed that they had a fair degree of 
digestibilify—57 per cent. of the total organic matter and 
65 per cent. of the protein being digested. 

Potato tops were found to be much less digestible. The 
latter, however, can hardly be accounted a feeding-stuff ; 

acetates semana aa 

* Landw. Jahrbucher, VII., 133. 
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they are comparatively poor in nutritive matters, and are 
coarse and unpalatable. 
Leaves.—The leaves of deciduous trees have sometimes 

been used as fodder, the young shoots being cut off while 
the leaves were still green, and allowed todry. The leaves 
contain a medium amount of protein, a small percentage 
of crude fibre, and considerable fatty matter and wax. In 
the experiments by Wildt just mentioned, poplar leaves 
were found to be fairly digestible. They are fed only to 
sheep, and are believed to exert an excellent dietetic effect 
when given in small quantities. 

¢6. Srraw oF THe CEREALS. 

Straw a Valuable Fodder.—Straw is a feeding-stuff 
frequently regarded as of little value, and yet good stiaw 
is most decidedly better than poor hay. Indeed, hay and 
straw are practically almost the same crop, cut at difterent 
stages of growth. The grasses and the cereals both belong 
to the same natural order (Graminew), but while the for- 
mer are (or should be) cut while still green, for the sake of 
their stems and leaves, the latter are grown primarily for 
their seeds, and are thereforé harvested later, when much 
of their nutritive matters has passed into the seed. It 
may easily come to pass, then, that if, on the one hand, 
grass is cut very late or exposed to rain while curing, and if, 
on the other hand, grain is harvested early, the straw from 
the latter may exceed in value the hay of the former. 

In any ease, good straw is a feeding-stuff not to be de- 
spised. As the table in the Appendix shows, it is rich in 
non-nitrogenous matter, especially in erude fibre, and poor 
in protein, and hence is not suited alone to form a ration. 
Its value lies in its non-nitrogenous matters, of which it 
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furnishes an abundant and cheap supply, and in combina- 
tion with feeding-stuffs which can supply its deficiency in 

protein, it forms a valuable fodder. The old assumptions 
that the crude fibre of straw was indigestible, and that its 
digestibility, as a whole, was far less than that of other 

coarse fodders, have been shown to be erroneous; the ex- 
periments of ILenneberg & Stohmann, since fully con- 
firmed by numerous others, have shown indisputably that 
about half of the total nutrients of straw, including the 
crude fibre, are digestible, at least by ruminants, thus 
placing it on an equality with other coarse fodders as 
regards digestibility. 

Straw is in general an entirely suitable fodder both for 

horses and cattle, similar in its dietetic action to hay. 
Straw which has suffered from diseases (rust, mildew, etc.), 
and is thereby rendered unfit to serve as fodder at all, is, 
of course, excluded in this statement. 

Variations in Composition—The composition and 
value of straw may vary considerably, depending, in the 
first place, on the kind of straw. Oat straw is usually the 
richest; then follows barley, which is valued for milk 

cows; next wheat, and last, rye, which is the poorest and 

least digestible of all. Summer straw is generally some- 
what richer in protein and poorer in ernde fibre than 
winter straw, and also more tender and digestible. The 
soil and manuring also influence the composition of straw 
in the same way as that of hay; a rich and well-manured 
soil yields a better fodder than a poor, unmanured one. 
The manner of sowing, too, has an influence on the quality ; 
when thickly sown broadcast the plants shade each other, 
and the stalks remain more tender and succulent and less 
woody than the stalks of plants sown in drills and more 
exposed to light and air, 
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The time of harvest has a great influence on the nutri- 
tive qualities of straw, just as it does on those of hay. As 
in the latter so in the former, the earlier it is eut the richer 

in protein and the more nutritious it 1s. 
In fields which have been seeded down to grain, the straw 

of the latter, in fruitful years, is often so intergrown with 
grass, clover, etc., as to essentially increase its value and 
enable it to entirely take the place of hay. 

Digestibility.—Comparatively few determinations of 
the digestibility of straw have been made, oat straw being 
the one chiefly experimented on. 
Henneberg & Stohmann found in exclusive straw feed- 

ing of oxen the coefficients 44 and 39 for protein; while 
Wolff, in experiments on sheep, obtained the much lower 
numbers, 83 and 14, with straw containing an equal per- 
centage of protein. In the latter experiments, to be sure, 
the straw was raised in drills and was hard-stemined, but 
the animals were allowed to select the tenderer parts, and 
only the straw actually consumed served as the basis of the 
calculation. The crude fibre of oat straw is quite as easily 
digestible as that of good hay, but the digestibility of the 
nitrogen-free extract and the fat is decidedly less. 

On the digestibility of barley straw few experiments 
have yet been made. 

In experiments by Wildt,* the digestion coefficient for 
protein was found strikingly low, viz. 17. The straw, 
evidently, was over-ripe, and contained only 4.9 per cent. 
of protein in the dry substance. The digestibility of the 
nitrogen-free extract and the fibre was found to be 51 per 
cent. and 56 per cent. respectively. With a higher per- 
centage of protein the digestibility of these nutrients in 

etter 

Landw. Jahrbucher, VII., 146. 
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barley straw would, doubtless, also be higher, and the lat- 
ter would prove to be a valuable straw for feeding. 

The relative digestibility of the constituents of winter 
straw is much the same as that of summer straw. The 
coefficients of the former, however, are usually somewhat 
lower, corresponding to the difference in composition. 

This is the case only in a slight degree with the nitroyen- 
free extract and the fat, but is more noticeable in the case 
of protein and the crude fibre, as deduced from the accor- 
dant results of experiments made at Weende, Dahme, and 
Salzmiinde on rye straw (in a single case only on wheat 
straw). 

It has been already stated that the digestion coefficient 
for protein in feeding-stuffs having so little of this nutri- 
ent as the straw of the cereals, may easily be found too 
low on account of the admixture of biliary and other pro- 
ducts in the excrements. At the same time, the straw used 

in most of these experinients was comparatively rich in 
protein, and at any rate the numbers thus obtained must 
be used until they can be replaced by more accurate ones. 
Manner of Using.—Large quantities of straw in a 

ration are more suitable for rrminants than for the horse, 

since the former, on account of their large stomach, and 
the length and complexity of their digestive canal, are 
better able to utilize large masses of coarse fodder. For 
swine, straw is not well adapted. 

Among ruminants, the sheep is better adapted than the 
0 ' straw. By means of its pointed mouth and 

' ~ for it to seek out the most valuable 
“st ovains which have es- 

~ and the ears 
coy 
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It is a very good practice to let all the straw which is to 

serve for litter be first put before sheep. In the finer and 

more tender parts which they seek out and consume, a 

much larger percentage of protein and a much nariower 

nutritive ratio is found than is shown by an analysis of the 

whole straw. According to Krocker’s investigations * the 

nitrogen content of the stalk of barley and rye straw is to 
that of the leaves, leaf-sheaths, and ear-stalks as I to 1.9. 
That is, the latter contain nearly twice as much protein as 
the former, and when sheep have laid before them so much 
straw that they eat only these tender parts, they actually 
receive a fodder which differs little from lay in value. 

Similar results were obtained by Arendt + in his investi- 
gation on the growth of the oat plant. In 100 gramines 
of dry matter from the various parts of the ripe plant the 
following quantities of nitrogen were found: 

CGrms 

Three lower joints of the stom.......-.eeeeeeeereee ..- O 79 

‘+ muddle ‘6 66 Lanes ee ener cee eesennes 1.17 

‘¢ upper “ 66 eee e eee ene n seca ene 1.56 

‘© lower leaves. ..... acc e re cence tate te ener eteees 1.43 

Twoupper “ii sceccaccecees ace e cee em tee eenes . 1.74 

Bars........ pec rd an cece ecee enc areees ene eecceaeen we 8.04 

87. Srraw or roe Lecumss. 

Composition and Digestibility.—Much of what has 
been said of the straw of the cereals is true of that of the 
leguminous plants, but the latter differs very considerably 
in composition from the former, just as clover hay does 
from meadow hay. The straw of the cereals is poor in 
protein and rich in non-nitrogenous matter; that of the 

os 

* Annalen der Landwirthschaft, 1861, XIL, 415. 
{+ Compare ‘‘ How Ciops Grow,” pp. 204-219, 
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legumes, on the contrary, is relatively richer in protein 
and has a narrower nutritive ratio, and hence is more nu- 

tritious and more digestible. 
Lhe digestion coefficients for bean straw given in the 

Appendix are deduced from only a few experiments made 
in Weende, in which this feeding-stuff was fed to oxen. 
In this substance, as in clover hay, the crude fibre is less 
digestible and the nitrogen-free extract more digestible 
than in the straw of the cereals. The coefficients for pea 
straw are from a few experiments made in Hohenheim, in 
which only the more tender parts of the straw were eaten 
by sheep. The portion actually eaten had the composition 
of tolerably good clover hay (14.0 per cent. of protein, 
31.9 per cent. of crude fibre), and the digestibility was 
correspondingly high. 

In general, in the hay and straw of the legumes the 
crude fibre is less digestible and the nitrogen-free extract, 
on the contrary, more digestible than in the hay and straw 
vf the graminess. The crude fibre of Iupine hay forms a 
striking exception to this, and that of lupine straw (/. ¢., 
the stalks and leaves remaining when the plant is culti- 
vated for the sced) scems to show the same behavior. In 
both feeding-stuffs the whole quantity of non-nitrogenous 
matter digested exceeds considerably the amount of nitro- 
gen-free extract found by analysis (see p. 310). 

¢8. Cuarr, Pops, anp Mazz Cos. 

Chaff, ete—Wheat chaff generally contains more pro- 
tein than the straw. The chaff of barley and oats, on the 
contrary, is generally poorer in protein than the straw of 
the same plants. In the pods of the legumes we usually 
find at least as much protein as in their straw. 
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All kinds of chaff are, as a rule, poorer in ernde fibre 
than the straw, and it is hence to be assumed that the 
digestibility of the remaining ingredients is correspond- 
ingly higher; but direct experiments on this point are 
still lacking. The mechanical condition of these fecding- 
stuffs causes them, when fed in proper quantity, to be 
more agreeable and palatable to cattle than whole or 
cut straw. 

Maize Cob.—The question of the nutritive value of 
maize cob is one which has long been under discussion by 
practical farmers, but to which no decisive answer can yet 
be given. The evidence of chemical analysis goes to show 
that, like straw and similar fodders, its chief valueis as a 

source of carbhydrates. The average of nine analyses of 
American maize cob * gives it the following composition : 

meer EHNR ammeter ore 

Aar-diy. Water-Tree. 

Water... .csecceecccccune se eeee 9.16 enue 

ASD... cece eee. bee ce eeweneens 1.32 1.45 

Protein... 0... cc cece c ewes anes os 2.22 2.44: 

Crude fibre... ... 22 ee ween seas 82.04 85.81 

Nitrogen-free extract.......e0+- 54.85 60.35 

Fat i... cece eee eee wens eseeces 0.41 0.45 
tn aa amemitiinamenend 

100.00 ~{ 100,00 

No experiments on the digestibility of maize cob have 
yet been made, and hence it is impossible to pronounce 
definitely upon its nutritive value. Presumably, a consid- 
erable portion of it would prove to be digestible, particu- 
arm giirevtnrtetai tases 

“Report Conn. Ag'l Expt. Station, 1879, p. 145. 
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larly by ruminants, and from the results obtained regard- 
ing the digestibility of straw, etc., as well as from its com- 
position, it is evident that the digested portion would be 
chiefly carbhydrates, with but little protein or fat. 

The common method of using cobs as feed is to grind 
them with the grain, making “cob meal.” Some recent 
practical trials * seem to indicate that the same nutritive 
effect may be produced by a less quantity of the kernel 
when the latter is fed along with cob as cob-meal, the dif- 
ference being made up by the digestible matters of the 
cob. The latter, as has been said, probably consist chietty 
of carbhydrates; their effect would be to widen the nutri- 
tive ratio of the ration, and thus to favor a more economi- 

cal production. Unfortunately, these experiments did not 
include analyses of the fodder used, and hence their results, 
though interesting as indications of the digestibility of 
maize cob, are not suited for elaborate discussion here. 

een any — ~ Metentees ean od en Seattle mtlttiiimermertind —rreetirielitenscrmess wihy IS ype eri, Lider 

* Report of Joint Committee of the Pomfret and Woodstock, Conn., 
Farmers’ Clubs. Connecticut Farmer, Nov. 15, 1879. 



CHAPTER IIL 

CONCENTRATED FODDERS. 

Tis name is given to those feeding-stuffs which, oceur- 
ring largely in trade, contain in a given weight a relatively 
large quantity of digestible matters. The nitrogen-free 
extract consists for the most part of carbhydrates, particu- 
larly in the grains, and albuminoids and fat are frequently 
present in large proportions. 

¢1. Tae Grars. 

Valnue.—Of all the concentrated fodders the grains are 
perhaps the most important. They contain large quanti- 
ties of nutrients and are a specific fodder for working 
animals. Practice seems to show that grain feeding for 
certain purposes is indispensable, and attempts to replace 
grain Ly other feeding-stuffs, even those in which chemical 
analysis shows an equal amount of nutritive matter, lave 
either failed or met with but partial snecess. 

It is especially suited for animals which have to per- 
form severe work and for young animals; while for those 
which have reached maturity, and of which only a moder- 
ate amount of work is demanded, other feeding-stuffs may 
take its place, and for store animals, which perform little 
work, it is too expensive. Like most highly concentrated 
fodders, grain is somewhat difficult to digest, and too 
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large quantities may easily cause disturbances of digestion, 
especially if not properly prepared. 

Composition.—The grains contain the three groups of 
organic nutrients, viz., albuminoids, carbhydrates, and fat, 
in large quantities. The albuminoids of the grains have 
already been described to some extent (pp. 26-30). The 
carbhydrates consist largely of starch, the various grains 
containing in the air-dry state about 50 to 60 per cent. of 
this substance, accompanied by a small amount of gum and 
cellulose. The ether extract of the grains consists largely 
of true fat. We thus see that the organic matter of the 
grains consists chiefly of substances of undoubted nutritive 
value, and contains little waste matter; as a consequence 

their digestibility is high, and they contain a large amount 
of nutriment in a small bulk. 

They are characterized by a medium nutritive ratio, the 
proportion of nitrogenous to non-nitrogenous nutrients be- 
ing about 1: 6-8 or in maize as wide as 1:10. This fact 
indicates their proper use. They are obviously not adapted 
to inerease the proportion of protein in a ration containing 
too little of this nutrient: for this purpose we need a sub- 
stance containing much protein and but a small amount of 
carbhydrates and fat. The grains find their application in 
cases where it is desirable to give a ration which, while 
having a medium nutritive ratio, shall contain much nu- 
triment in a small bulk, and thus save digestive labor as 
explained on p. 228. 

For example, the composition of the digestible portions 
of oats and of good clover hay does not differ greatly, but 

there is no question which is the more valuable fodder for 
a horse from which severe work is demanded. 

Variations in Composition.—Grain, like coarse an 

green fodder, has a more or less variable composition, 
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especially as regards protein, according to the conditions 
under which it is grown and harvested (soil, manuring, 

climate, weather, variety, degree of ripeness, etc.), although 

ripe grain of any particular kind is more constant in its 

composition than forage crops. Wheat and oats appear to 

be more variable than rye or barley; in the dry matter of 

American winter wheat from 9.238 per cent. to 16.54 per 

cent. of protein has been found by different observers. In 

spring wheat the range was 8.83 per cent. to 16.89 per 
cent. In some late experiments in Poppelsdorf, the per- 
centage of protein in a variety of wheat already rich in 
this substance was increased from 16.3 in the unmanured 
wheat to 17.6 by an abundant manuring with superphos- 
phates, to 21.4 by manuring with soluble nitrogen com- 
pounds (ammonia salts and nitrates), and to 22.4 by manur- 
ing with phosphates and nitrogen compounds; the protein 
of the straw was respectively 3.4 per cent., 3.7 per cent., 

and 5.2 per cent. 
Other experimenters, indeed, have not been able to show 

such a decided effect of manuring on the composition of 
the cereals, and this effect may be, according to circum- 
stances, either increased or diminished, or even entirely 
nullified by other factors, such as the quality of the soil, 
the weather, etc. Still,as a general rule, we are justified 
in expecting a more nitrogenous grain on a fruitful, highly 
manured soil than on its opposite or on one of only average 
quality. 

Wheat,—The high value of wheat as food for man for- 
bids its use as cattle food under ordinary circumstances. 
The average of all available analyses of American wheat 
is as follows: * 

* Report Conn, Ag’l. Expt. Station, 1879, p. 141. 
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, Water . Water Air dry. ‘a Air dry. 

Per cent, Per cont. Per cont. Per ‘cout. 

Water.......05. 10.72 | 1... | Crude fibre... | 

Ash ....cseeees 1.70 | 1 90 \IN. fr. extract... 75 76 | 84.86 

Protein. ....... 11 82 | 18.24 ||Fat........... j 
 onnrannniandeteriatiinstatighuaimamatnanatiamaasmmremanmtmneemeanm ane 

No determinations of the digestibility of wheat have 
yet been made. 
Rye.—But one analysis of American rye is reported.* 

Wolff gives as the average of German analyses: 

Water... ccc ecw cece ene re nen eens stacavenes . 14.8 per cent. 

DN) 0 1.8“ 

Protein... 0... cent eee eee nee were erenaas 11,0 “ * 
Crude fibre... ... cece ee ee tee eee es eeeas 8.5 “6 
Nitrogen-free extract... 2... cece eer ew aeaes 67.4 * & 
Bat... ccc c cece cece e cece e tee e reese ne reane 2.0 * % 

Like wheat, rye is chiefly used as food for man. No 
determinations of its digestibility are reported. 

Oats.—In oats, as in wheat, the percentage of protein is 
quite variable, and is largely determined by the thickness 
and weight of the hull, compared with that of the ker- 
nel. The latter is generally quite rich in nitrogen, and 
is distinguished by a comparatively high percentage of fat 
(5 to 7 per cent.). The percentage of protein in the whole 
grain is somewhat less than in wheat, the average being 
about 13 per cent. of the water-free substance in the latter, 
and perhaps 11 per cent. in the former. 

The quality of a sanple of oats is not always indicated 
by the weight of a given bulk, and it would doubtless often 
be advantageous in purchasing large quantities of so impor- 

ace RN emepremennnh  seetenleimpelbiTt decree pete het oman tok thdpatidelate-ramaouhpenes naomernanamnnontiente 

* Report Conn. Ag’l, Expt. Station, 1879, p. 141, 
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tant a fodder, and one liable to vary so much, to have at 

least the amount of protein determined by chemical analy- 

sis. Such an analysis, of course, would not suffice to de- 
termine accurately either the nutritive or commercial value 

of the article; but, at the same time, it might be of material 

assistance in forming a practical estimate of the feeding 

value of a sample of oats or of any other grain. 
In a concentrated fodder like grain, the protein is the 

most important and most costly ingredient, as well as the 
one whose amount is subject to the greatest variations, and, 
other things being equal, the more protein the fodder con- 
tains the more valuable it is for the purposes to which it is 
applied. In conjunction with the weight, appearance, etc., 
of the grain, a determination of the protein would be an 
important factor in judging of its quality, and would have 
the advantage of rapid and comparatively easy eaccu- 

tion. 
Digested ility.—The digestibility of oats has been largely 

determined in experiments on sheep, though recently sev- 
eral experiments have been made on their digestibility by 
the horse. With the exception of three experiments, the 
results of which were evidently exceptional, these trials have 
shown a very uniform digestibility of this feeding-stuff, and 
therefore the average digestion coefficients may be consid- 
ered comparatively trustworthy. The experiments on the 
horse * have shown that this animal is able to digest oats, as 
well as other concentrated fodders, quite as completely as 
sheep do. 
Barley.—Barley is in general somewhat poorer in pro- 

tein than the other common cereals, and the more so the 

more fully and uniformly the grains are developed, the 
mmsareue  gee 

*TLandw. Versuchs-Stationen, XX., 125, and XXI., 19, and Landw, 
Jahrbucher, VIII, I. Supplement, p. 6. 
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percentage of this ingredient ranging, according to J. Kuhn, 
from 6.2 to 18.3 per cent., and averaging about 11 per 
cent. 

But one experiment on the digestibility of barley by 
ruminants has been made, viz., by Schulze and Marcker, in 
Weende, on sheep. The results of this experiment agree 
very closely with those which have been obtained in several 
experiments on swine, and may therefore be assumed to be 
at least tolerably accurate. -As is usually the case, the pro- 
tein and fat were slightly better digested by the ruminants, 
while as regards the nitrogen-free extract the advantage 
was on the side of the swine. 

Rice,—Rice is characterized by a low percentage of 

protein (about 7.5 per cent.), a very small percentage of 
fat, and a large proportion of starch. No experiments on 
its digestibility have been made. 
Buckwheat.—Buckwheat, though belonging to an en- 

tirely different botanical family from the true grains (cere- 
als), may be conveniently classed with them for our present 
purpose. 

The percentage of protein in buckwheat is more than 
that in rice, but less than that in the other cereals, and about 
the same as in maize. It contains a considerable propor- 
tion of crude fibre, averaging 15 per cent., most of which 
is located in the hull or outer covering, and has rather less 
nitrogen-free extract than the cereals. 
Maize or Indian Corn.—The cheapness, healthfulness, 

digestibility, and great fattening qualities of this feeding- 
stuff cause it to take a high rank among the grains. As 
regards chemical composition, the innumerable varieties 
which are known may be divided into two classes, sweet 
and common corn, having the following average compo- 
sition : 
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AVERAGE COMPOSITION OF AMERICAN MAIZu.—-WATER-FREE. 
LR INTER Satie canes eat reminm 

SWHEL, COMMON, 

ene itinerant penta i 

Average of eleven Average of fifty-two 
analyses. analyses, 

ASD. occ cece cece nec e esau ewes ase 2.1 1.7 

Protein.,.......... been enanenen 13.2 12.0 

Fibre oo. ccc ce cee ec eee eens 2.3 1,9 

Nitrogen-free extract........... ° 73.5 78.7 

Fat ....seeees vec ee eensereccee 8.9 5.7 

100.0 100.0 
rts nent 

“The greater richness of sweet corn in albuminoids and - 
fat is very decided and indicates a higher nutritive value 
than that of common corn. 

“ The sweet corn contained on the average 8.6 per cent. 
of water, and the common contained 10.8 per cent., but 
the samples were unequally dried, and the analyses prob- 
ably do not show the proportions of water that exist in corn 
in bulk as found in the crib or in market. 

“The range of variation in the several ingredients is 
shown by the following statement of the lowest and high- 
est percentages as found in these analyses :” 

RANGE OF COMPOSITION OF AMERICAN MAIZE. 
pemN seth: —_nemmbaR RNa tm  eauniuindadpermuaammaananmethinapasmasnenteaimedimianmamndamiienieamaemmnnes cecasummall 

Sweet. Common, 

ABD. cece cece ee eceeenereee bees 1.6— 2.4 1.38— 2.0 

Protein... . ccc cece cece eet ceees . 10.2—15.9 8.7—14.4 

Fibre... 0. ccc eee e wees eeeaee 2.6— 3.0 0.8— 3.0 

Nitrogen-free extract...... seeae 69.6 —79.5 75 .2—82 2 

|) Cn es eweeaes §.8—10.2 4.4— 7.8 
iepaasonmuie en eo ee se ne diem mean cnet gaan A atmeneoes abenypetnayee atin hones ctnnerelnttinie nlmnMiNNtH ian HR tte cd atone 
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The analyses of American maize thus far made do not 
show any essential differences in composition between 
flint and dent corn, nor between eastern and western 
corn. 
Common maize contains somewhat less protein and more 

non-nitrogenous matters than the cereals, and has a wider 
nutritive ratio. It is therefore not as valuable as the latter 
in cases where much protein is required in the food, as in 
case of heavily-worked animals, and must be supplemented 
by more highly nitrogenous materials. In fattening, on 
the other hand, and particularly in the fattening of swine, 
where a rather wide nutritive ratio is required, it produces 
excellent results. It is very probable that the compara- 
tively large proportion of fat which it contains is one 
cause of its well-known fattening properties, though the 
effect of this is most likely not as great as is sometimes 
thought. 

Numerous digestion experiments on hogs, sheep, and 
the horse, have shown that maize is very completely di- 
gested by all these animals. The results obtained on sheep 
and on the horse were substantially accordant; those on 
logs, three in number, show a somewhat greater digesti- 

bility of the crude protein, but it is questionable whether 
this will be found to be generally the case. 

§ 2. Byn-Propvucts OF THE GRAINS. 

Since it is generally more profitable to the farmer to sell 
the comparatively high-priced grains than to use them for 
fodder, it comes about that their bye-products find an ex- 
tensive application as fodder in place of the grains them- 
selves, ¢. g., the bran of wheat and rye, brewers’ grains and 
malt sprouts from barley, ete. 

15 
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Bran,—Bran has a high value for fodder, as is shown 

both by chemical analysis and microscopical examination ; 

the latter, indeed, shows most strikingly how uneconomical 

is usually an extended use of grain for the food of those 

animals which do not, like the horse, demand a concen- 

trated fodder. With cattle, particularly, it is more advan- 

tageous, as a rule, to feed the bran than the grain or meal 

the raising of calves and the last stages of fattening form 

a partial exception to this rule. 

If we investigate microscopically the way in which the 

several nutrients are distributed in the seeds of the cereals, 

we find that by far the larger part of the nitrogenous com- 

pounds is denosited in one or more definite layers of cells 

lying directl¥ under the seed-vessel * and filled with fine 

grains of gluten. Wheat, rye, oats, and iaize, have only 

one layer of protein-bearing cells, except in the neighbor- 

hood of the germ, while barley has three such layers under 

the seed-vessel. 

In the manufacture of flour, the inner and starchy part 

of the grain is more easily pulverized during the process 

of grinding than the tough integuments. The latter are 

torn off, carrying with them portions of the layer of 

protein-bearing cells lying next to them, and are removed 

by bolting, constituting bran or middlings. As a conse- 

quence, the bran is richer in protein and the flour poorer, 

than the whole grain. Thus, the average composition of 

American wheat, wheat flour, and bran, in the water-free 

state, is as follows: 

* ‘<The grains are properly fruits. Wheat and maize consist of the 

seed and seed-vessel closely united. Barley-grain, in addition to the 

seed-vessel, has the petals of the flower or inner chaff, and oats have, 

besides these, the calyx or outer chaff adhering to the seed.”—(“* How 

Crops Grow.”) 

in ea rsa erans pny 
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Wpclemhoct ) Wheat dons, | Whent bran 
Ash..... beatae wees 1.90 067 4.31 

Protein. .... wae ae een . 13 24 12.22 14.23 

Crude fibre.:........ | 7.60 

Nitrogen-free extract.. | 84.86 87.11 69.90 

Fat... .....cc00. eee { 8.91 

These figures show most plainly how uneconomical it 
must be, under most circumstances, to use the costly grains 
as fodder. Jixcept in cases where a very concentrated 
food is required, the chief value of the grains lies in the 
albuminoids which they contain, since the non-nitrogenous 
nutrients can be far more chiefly supplied in roots and 
coarse fodder. The albuminoids, however, are contained 
in the cheaper bran in considerably larger proportion, and 
in view of this fact, the value of the latter as fodder be- 
comes obvious. 

Digestibility.—The digestibility of bran has been the 
subject of but few experiments, but it scems in general to 
be fully equal to that of the grains. The digestibility of 
wheat bran has been determined with sheep and oxen; 
that of rye bran only with swine. 

Brewers’ Grains.—In the preparation of malt liquors 
from grain, the starch which the latter contains is convert- 
ed into sugar by the action of a peculiar ferment called 
diastase, contained in the malt, and this sugar is then fer- 
mented, and yields alcohol. 

In this process it is chiefly the starch and a small quan- 
tity of extractive and flavoring matters which is withdrawn 
from the grain, while nearly all the protein is left be- 
hind. As a consequence, the residue is relatively richer 
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in nitrogen than the grain, as is shown both by analysis 

and by microscopical examination, the latter showing the 

gluten cells intact, while the starch is nearly all dissolved 

out of the tissue containing it. 
Brewers’ grains are much more watery than the original 

grain. They contain about 24 per cent. of dry matter, 

and, on account of their richness in digestible albuminoids, 

have a narrow nutritive ratio. They seem to be very 

agreeable to cattle, and are an excellent fodder for fatten- 

ing or for milk, while they are not adapted for animals 

that have to perform severe work. 
Distillers’ Grains.—In the manfacture of distilled 

liquors, the first stages of the process are essentially the 

same ag in the preparation of malt liquors, but, after the 

fermentation, the mash. is subjected to distillation to separate 

the aleohol. The residue remaining in the still constitutes 

distillers’ grains or “slump.” This has much the same 

composition as brewers’ grains, except that it is more 

watery, containing only about 8 or 9 per cent. of dry mat- 

ter. Like brewers’ grains it has lost chiefly non-nitrogenous 

matters. It consequently has a narrow nutritive ratio, and 

is a valuable addition to fodder poor in protein. More- 

over, it contains a considerable proportion of mineral mat- 

ters, which may be of advantage under some circum- 

stances. 

Use.—Distillers’ grains are best adapted for cattle, and 

yield excellent results in fattening or feeding for milk, 

when rightly used. For sheep, hogs, and horses they are 

not well suited. 
In using this feeding stuff, its watery nature should not 

be forgotten. Its relatively large proportion of protem 

renders it a suitable addition to a fodder deficient in this 
nutrient ; while, on the other hand, the health of the ani- 
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mals requires the addition to the “slump” of some dry 

coarse fodder, like hay or straw. A poor quality of coarse 

fodder may be rendered more palatable to cattle by satu- 

rating it with distillers’ grains, and thus the wateriness of 

the one fodder and the poverty of the other as regards 

protein can be simultaneously corrected. 

Used in this way, distillers’ grains constitute a perfectly 

healthful fodder. Much of the common prejudice against 

the use of “distillery slops” appears to be occasioned by 

their irrational application, and frequently by the filthy 

surroundings of the animals, rather than by anything inju- 

rious in the feeding-»tuft itself. 
Malt Sprouts.—Another bye product of the breweries 

is malt sprouts. In the preparation of malt, barley is 

spronted, and allowed to grow till the radicle attains a 

length equal to about two-thirds that of the grain; then 

the process is stopped by drying the malt, and the radicles 

cither fall off of themselves or are removed by winnow- 

ing. These constitute malt sprouts; they are essentially 

very young barley plants. Now we have seen that, as a 

general rule, the younger a plant is the larger is the pro- 

portion of protein which it contains, and malt sprouts are 

no exception to the rule. Ag will be seen from the table 

in the Appendix, they contain about 24 per cent. of crude 
protein, and have a nutritive ratio of 1: 2.5. 

On the other hand, recent investigations have shown 
that they contain a large proportion of amides, as was 

indeed to be expected from what we already know of the 

functions of amides in germination. [ive samples ex- 

amined by Kellner * gave, by Sachsse’s method, the follow- 

ing results on the water-free substance: 
anawre ideon eters Prsscstmomet! ed sae ec nent lteter etd firemen etna er mre 

* Biedermann’s Central-Blatt, Jahrg. 8, p. 417. 
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Total Albuminoid Amide Amide nitrogen 
Number. nitrogen. nitrogen, nitrogen, in per cent of 

Per cent. Per cent. Per cent, total nitrogen, 

Live ccwe eens 3.556 2.734, 0.822 23.1 

QD ieveccanecaves 4.213 3.190 1.023 24.3% 

Ove eacaveeens 4.479 2.873 1.606 35.9 

Aca cacenwuee 5 080 3.616, 1.414 28.1 

Bocce eee eee nm ee §.520 4.102 1.418 25.7 

Cena 

Malt sprouts serve excellently for bringing up the albu- 
minoids of a ration composed of poorer materials to the 
desired standard, and are a favorite fodder for young ani- 
mals and for milk and fattening. They are most suitable 
for cattle and swine. On account of their dry, brittle 

character, they are not well adapted for feeding directly, 
and need to be softened, either by mixture with watery 
fodder or by soaking in water. 

§38. Tne Lecumas. 

Composition.—The seeds of the leguminose@ (beans, 
peas, vetches, ete.) are especially distinguished by their 
richness in protein, in which respect they exceed all other 
sceds. Their protein consists chiefly of the legumin de- 
scribed on p. 28. 

The percentage of protein is not so variable in the 
legumes as in the cereals. The amount of this substance 
varies from about 22 per cent. to 30 per cent. of the dry 
substance, beans, and especially vetches, being generally 
somewhat richer than peas. The composition of each kind 
is given in detail in the table in the Appendix. 

An exception to the range of variation given above is 



MANUAL OF OCATTLE-FEEDING. 343 

found in the lupine, especially in the seeds of the yellow 
Jupine, in whose dry matter 32-48 per cent. of albuminoids 
has been found, while the seeds of the blue lupine are not 
so rich. 

The very large amount of protein (the most costly nu- 
irient) contained in the lupine, together with the fact, 
already referred to, that it can be cultivated on lght soils, 
would render it a highly-prized feeding-stuff, were it not 
for its peculiar, bitter, disagreeable taste, and the injurious 
effects of the alkaloids which it contains. 

Naturally, many attempts have been made to utilize this 
valuable and comparatively cheap material by removing 
the alkaloids, and thus rendering it palatable to other ani- 
mals than sheep, which are the only animals that eat the 
raw grains readily. Various methods have been proposed, 
é.g., roasting, or treatinent with water to dissolve out the 
bitter matter. More effective than the latter is treatment 
with water to which a small quantity of muriatic acid has 
been added. In this case, however, the grain must be 
afterward boiled with pure water to which a little soda 
has been added to neutralize the excess of acid and pre- 
vent its purging the animals. The latter process is rather 
costly, and all these methods cause a not inconsiderable loss 
of nutritive matter, amounting, in one experiment, to 7.3 
per cent. of protein and 6.8 per cent. of extract. 

Digestibility.—The digestibility of beans has been 
made the subject of numerous experiments on ruminants, 
most of which have yiclded fairly accordant results. The 

Weende experiments on oxen gave the coefficient 84 for 

the average digestibility of the protein, the most important 

ingredient. Later and rather more exact experiments 

have given somewhat higher numbers. Wolff's experi- 

ments on the horse, already several times alluded to, 
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chow that this animal digests beans as completely as sheep 

do. 
The digestibility of peas has only been determined in 

experiments on swine. The results agree pretty closely 

with those obtained with beans in experiments on rui- 

nants. 

In some experiments by Hellriegel & Lucanus on. the 

digestibility of lupines by sheep, the coefficients 97 and 81 

for protein and nitrogen-free extract were obtained. In 

later experiments, by Stobmann, fully 90 per cent. of the 

protein of lupines was digested by goats; and it was at the 

same time observed that this bye-fodder aided the resorp- 

tion of the non-nitrogenous constituents of meadow hay. 

All the observations hitherto made show that the diges- 

tibility of the legumes is comparatively great, and that, on 

the average, at least for peas and beans, a coefficient of 

nearly 90 may be assumed for protein, and of 95 for the 

nitrogen-free extract. 

Uses.— Unlike the grains, the legumes are dispropor- 

tionately rich in protein, and may therefore he appro- 

priately used to supplement fodder deficient in this sub- 

stance and to bring the amount of albuminoids in a ration 

up to the desired standard. They form a very concen- 

trated fodder, and, on account of their richness in protein, 

are well adapted for working animals and for fattening ; 

but they should, if possible, form only a part of the grain 

ration. For milking and suckling animals they are less 

liked. 
Lupines, when not submitted to some treatment to re- 

move their bitter principle, are eaten most readily and with 

least danger of ill-cffects by sheep and goats, while horses 

become accustomed tv them less readily, and cattle hardly 

at all. 
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§4, Om Szeps anp Ort Caxz, 

Ou, Serps.—The seeds of certain plants, of which the 
most common are flax, rape (or colza), and cotton, contain 
large quantities of oil—flax containing 80-40 per cent., 
rape 85-45 per cent., and cotton about 380 per cent.—and 
are commercial sources of oil. These seeds are also rich 
in albuminoids, but they are not often used as fodder on 
account of their high price. Flax, however, is sometimes 
gathered when still unripe, in order to obtain a better 
quality of fibre, and in that case the seeds are compara- 
tively poor in oil, and their price is so much lower that it 
would doubtless often be advantageous to use thein for 
feeding. A fodder for young animals, for milk, or for 
fattening, if deficient in fat, can be essentially improved 
by such an addition, provided that the quantity of fat 
ig not made too great. Generally, when it is desired to 
add fat to aration, it can be effected to better advantage 
in this way than by the addition of pure oil. It must, 
however, be borne in mind that these seeds contain also 
large quantities of protein. 

Digestibility—No direct experiments have yet been 
made on the digestibility of oil seeds. It may, however, 
be assumed, until we have better data, to be the same as 
that of the corresponding kinds of oil cake. 
Ow Caxn.—The high price of oil seeds prevents their 

yeneral use asa fodder. They are chiefly applied to the 
production of oil, and only the residue from this inanufac- 
ture is used for feeding purposes. 

The oil is generally obtained by subjecting the seeds to 
hydraulie pressure, by which a large part of the oil is 
foreed out, while most of the albuminoids remain behind. 

15* 
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The change effected in the composition of the material is 

analogous to that which takes place in brewers’ grains, viz., 

a removal of the non-nitrogenous nutrients, here fat, while 

the greater part of the albuminoids remains. 

It will be seen at once that the resulting oil cake must 

have a high nutritive value, since it contains all the protein 

of the original seed and that portion of the oil which can- 

not be removed by pressure. Its nutritive ratio is nar- 

rower than before, and it is better adapted for adding 

protein to aration, since larger quantities of it can be used 

without danger of giving too much oil. At the same time, 
itis ahighly concentrated fodder, and, like all such mate- 

rials, must be used with caution, and only as a bye-fodder 

to supply the deficiencies of poorer materials. 

Composition.—The compusition of oil cake will, of 

course, vary according to the completeness with which the 

oil is extracted. The greater the pressure to which it 1s 

subjected, the less oil and the more, relatively, of allmmi- 

noids will it contain. A method of extracting the oil 

which has lately come into use to some extent consists in 

treating the ground seeds with benzol or bisulphide of 

carbon, which dissolve the oil. The residue from this 

process is poorer in oil and correspondingly richer in pro- 

tein than that from the ordinary process of pressing, 

and it seems probable that it would have advantages as 

fodder over the latter. It is seldom that fat is deficient in 

the food of our domestic animals; but it is often desirable 

to increase its protein, and by means of the extracted oil 

cake we could accomplish this without unduly increasing 

the amount of oil. 
The average of all analyses of American oil cake yet 

made are as follows, calculated on the water-free sub- 

stance: 
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Linseed QCotton- Linseed Cotton- 
cake, jseed cake. cake. jiseed cake. 

Per cent. | Per cent, Per cent. | Per cent, 

Ash..... veuceees 7.13 7,83 ||N. fr. extract....| 37.66 | 19.98 

Protein. ........ 32.48 | 46.17 ||\Fat......... .--| 13.03 | 18.54 

Crude fibre.. ...| 9.70 7.98 

But one sample (of linseed cake) contained less than 10 per 
cent. of fat; but in that one the amount was only 3.15 per 
cent., while that of the protein was 39.92 per cent., show- 
ing that the sample had been extracted in some manner. 
Cotton-seed cake, it will be seen, is considerably richer in 
protein and fat and poorer in nitrogen-free extract than 
linseed cake, and must have a correspondingly higher 
feeding value. 

Palin-nut cake contains less albuminoidsand more nitro- 
gen-free extract than linseed or cotton-seed cake, while the 
percentage of fat is about the same. It forms an excel- 
lent fodder, being very palatable and producing excellent 
results. 

Digestibility.—The numbers given in the Appendix 
for the digestibility of linseed cake are the average results 
of numerous experiments on sheep, goats, and oxen, made 
in Ilohenheim, Halle, and Méckern, respectively, and 

agrecing well with each other. 
The digestibility of cotton-seed cake has been tested in 

experiments on sheep in HIohenheim. The material used 
came from Egypt, and was of poor quality compared with 
that soldin our markets. It contained numerous fragments 
of leathery pods, which brought the amount of crude fibre 
up to 27.61 per cent., while it contained only 26.24 per 

cent. of protein. It seems somewhat doubtful whether 
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results obtained on such material would be fully applicable 

to our cotton-seed meal; but these are the only experi- 

ments yet made, and we must accept their results till better 
are available. 

The digestibility of palm-nut meal has been tested in 
Mockern, in experiments on cows, and in Hohenheim, on 
sheep. The results showed that the digestibility of this 
feeding-stuff is great, ranging above 90 for all the ingre- 
dients. It is also distinguished for its palatability and its 
favorable action on milk-production and fattening. 

Uses.—Unlike most of the feeding-stuffs hitherto con- 
sidered, the various kinds of oil cake are excessively rich 
in protein and deficient in non-nitrogenous nutrients. This 
is especially the case with those which have been prepared 
by some process of extraction, the nutritive ratio being 
sometimes as narrow as 1:1. The more common kinds 
of oil cake, while containing considerable fat, and hence 
having a wider nutritive ratio, are still characterized by a 
large excess of protein. 

Obviously, then, oil cake is particularly valuable as a 
source of protein and as a means of increasing the amount 
of this substance in a ration. Many of the cheaper forms 
of coarse fodder, while furnishing Jarge quantities of non- 
nitrogenous nutrients, are deficient in protein. This defi- 
ciency may be readily supplied by the addition to them of 
a comparatively small amount of oil cake, and thus the de- 
ficiencies and redundancies of the two fodders be made to 
supplement each other. For example, it would not be 
difficult to compound from straw and oil cake a mixture 
which shonld contain the same proportions of digestible 
matters as the best hay, and in most cases at a cost con- 
siderably less than that of the latter. Moreover, the addi- 
tion of such a nitrogenous bye-fodder to the straw would 
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probably secure a more perfect digestion of the straw it- 
self, 

The value of oil cake for feeding, when properly used, 
particularly in feeding for milk and in fattening, is not 
easily overestimated. Cotton-seed cake or meal, espe- 
cially, deserves the attention of our farmers. ,It is the 
richest of the common kinds of oil cake, is readily obtain- 
able, and, after passing through the body of the animal, 
still retains nearly all its value as a fertilizer, in which 
respect it is nearly equal to average fish scrap. 

As already stated, palm-nut cake is less rich in protein 
than the other varieties of oil cake, but it nevertheless con- 

tains a considerable proportion of that substance. It ap- 
pears to be specially adapted for milk cows, and does not 
impart any undesirable properties to milk or butter. 

Oil cake in general is chiefly used for milk animals and 
for fattening, experience having shown that for work- 
ing animals it cannot take the place of grain. It is hence 
particularly valuable for cattle, sheep, and hogs, while for 
horses it is little used. 

25, Anrman Propwucts. 

Flesh Meal.—A_ feeding-stuff which has lately found 
extensive use in Europe, and which, both in virtue of its 

richness in protein and its casy digestibility, ranks as the 
most concentrated of fodders, is the so-called American 

flesh meal. 
It consists of the dried and ground residue from the 

manufacture of Liebig’s Extract of Meat, in South America: 
it contains, in the air-dry state, ten to thirteen per cent. of 
water, and in the dry substance cighty-two to eighty-three 
per cent. of protein, along with thirteen tu fourteen per 
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cent. of fat. It has thus far been used chiefiy for swine, 
though to some extent for other animals. 

In experiments on the former, by Wolff (see page 276), 
in which the flesh meal was fed in quantities of one-half 
to one pound per day, along with potatoes, the average di- 
gestibility of the flesh meal was found to be: 

Protein.........6. Wan ece cnr retn ee ereeenneanare 97 per cent, 

Fat...... secede tee eee eee eee ween eee tenon nee 86 OS 
Total organic matter. .... 0... 0. cc eee eee eee 92 

Flesh meal being so digestible, it is easy to see that it must 
exert an excellent effect, especially when used in small 
quantities, perhaps half a pound per day and head, as an 
addition to a fodder otherwise poor in protein; that is, 
when used to bring up'the quantity of protein in the total 
fodder to the desired standard. 

Flesh meal is the more valuable, practically, for swine, 
because by means of it the animals can be induced to eat 
large quantities of other fodder, in particular potatoes. 
Moreover, the addition of a nitrogenous bye-fodder to a 
feeding-stuff containing much starch, like potatoes, con- 
tributes essentially to ensure the complete digestion of the 
latter. (Compare page 282.) 

The use of flesh meal is not confined to swine, however ; 
it has also been used with good results for milk cows and 
for fattening cattle. The animals at first generally refuse 
to eat the flesh meal, but when it is fed in small amounts, 
and gradually increased to 2 to 3 Ibs. per day, they soon 
become accustomed to it and come to eat it even greedily. 
Sheep have in most cases obstinately refused it, but oc- 
casionally they have been accustomed to it, and it has pro- 
duced good results. The digestibility in these cases has 
been found to be fully as great in Wollff’s experiments on 
swiue. 
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Some interesting experiments have recently been made 
by Wolff,* to determine the nutritive value of the protein 
of flesh meal as compared with vegetable protein. The 
experiments were made on swine. The vegetable protein 
was furnished in the form of peas, to which a small amount 
of oil was added; to the flesh meal enough pure starch 
was added to give the mixture nearly the composition of 
the peas. In each case four kilogrammes of potatoes per 
day and head were fed. The experiments continued 182 
days; their results, while not entirely decisive, showed that 

practically the same gain of live-weight was produced by 
the one ration as by the other under like conditions, and 
thus indicated that animal and vegetable protein have an 
equal nutritive value. 

All these trials are very interesting as showing that the 
animal organism is indifferent to the source of the protein 
which it receives, and that the difference between the 
herbivora and carnivora is not that the one can eat only 
vegetable and the other only animal food, but that the 
digestive apparatus of the former is adapted to large 
masses of fodder, while the comparatively short alimentary 
canal of the latter requires a very concentrated food. The 
herbivora are capable of digesting and utilizing animal 
protein, if it is mixed with a suitable amount of coarse 
fodder, and, on the other hand, it is a well known fact 
that the dog and cat, both carnivorus animals, can subsist 
on the more concentrated forms of vegetable food. 

Fish Guano or Fish Serap.—The residue from the 
preparation of oil from various kinds of fish, which is ex- 
tensively used as a fertilizer under the name of fish guano 

or fish scrap, has also been tested as a feeding-stuff, with 
een Asbo Hepa ries nme ores Ps trata! ne settiherten 

* Landw. Jahrbucher, VII, J. Supplement, 223. 
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favorable results. The German experiments have been 
made on the so-called Norwegian fish guano, which is 
stated to contain about 2 per cent. of fat and 12 to 15 per 
cent. of phosphoric acid, and must therefore be a different 
preparation from that sold in our markets, which generally 
contains from 7 to 15 per cent. of fat and 6 to 8 per cent. 
of phosphorie acid. 

The first experiments were made on sheep by Weiske,* 
and it was found that the fish guano constituted a very 
good bye-fodder which had the advantage over flesh meal 
that it was eaten more readily by the animals. Fully a 
third of the nitrogenous matter of the fish guano consisted 
of gelatigenous substances, which are not fully equal to the 
albuminoids as food (see p. 162); but the experiments 
showed that, on account of its easy and great digestibility, 
the fish gave an even better nutritive effect than a ration 
of hay and oats containing the same amount of crude pro- 
tein. The digestibility of the fish guano was not accurately 
determined in this investigation, but it was estimated that 
from 77 to 83 per cent. of its nitrogenous matter was 
digested. 

Later experiments by Kellner,t also on sheep, gave a 
digestion coefficient of 90 for the total nitrogenous sub- 
stanee, and showed that at least 75 per cent. of the gela- 
tigenous matter of the fish was digested. It was also 
found that the phosphoric acid which is present in large 
quantities in fish, althongh not digested to any great ex- 
tent, was made more soluble by passing through the di- 
gestive apparatus and thus acquired an increased manurial 
value. When we add to this the fact that the nitrogen, 

Aare en eI AAEM Seth ULE II® mitten Heft seth pn tant hare sperm cintim Smelt betaine 

* Jour. f. Landw., XXTV., 265. 
+ Landw. Versuchs Stutionen, XX,, 423. 
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after having fulfilled its functions in the body, is nearly all 
excreted in the urine in a form quite as available for vege- 

tation as before, the gain attainable by using the fish as 

fodder becomes plain. 
Little experience has yet been had concerning the effect 

of fish on the quality of animal products. It is perhaps to 
be anticipated that it would injuriously affect the flavor of 
milk, but it seems probable that it would form an excellent 

fodder for fattenifé. It does not appear to have been 

used as fodder to any extent in this country. In the “ Re- 

port of the Secretary of the Maine Board of Agriculture” 
for 1864, some account is given of its use as fodder for 
sheep, hogs, and fowls, and in subsequent reports of the 
same board its use is again mentioned, but the writer is 
not aware that it has elsewhere become a recognized article 
of cattle food. In Norway, fish is said to be used to a con- 
siderable extent as food for cattle, and in a book on Ice- 
land, published over one hundred years ago,* the use of 
fish for feeding cows is mentioned. 

It would be of interest to test the value of this feeding- 
stuff further, and also to experiment on the use of fish 
guano from which the oil is more completely extracted 
than from the common article, e g., that produced by 
Adamson’s or Goodale’s process. 

Dried Blood and Meat.—A few experiments on this 
material as a feeding-stuff have been made by Wildt.t 
The material contained 91.87 per cent. of protein, and the 
digestion coefficient for this substance was found to be for 

swine 72 and for sheep 62, the rest of the fodder being in 

one case potatoes and in the other barley straw. 

* ‘¢ Natural History of Iceland,” by N. Horrebow, London, 17h2, 

+Landw, Jahrbucher, VI., 177, and Landw, Versuchs-Stationen, 

KX, 21, 
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The dried blood was very hard and solid, and it is prob- 

able that by finer grinding and suitable preparation, such 

as soaking in water or cooking, a greater digestibility could 

be reaclied. The portion actually digested by the swine 

seemed to exert the same nutritive effect as an equal amount 

of vegetable protein in the form of peas. 

In this country, dried blood and meat scrap have been 

used in feeding trials by Mr. J. W. Sanborn,* with favor- 

able results. 
The chief value of all these materials lies in their high 

percentage of protein, and the proper use of such feeding- 
stuffs is as an addition to fodder poor in protein, as was 

explained in the section on oil cake. The choice between 

the various kinds of nitrogenous bye-fodders will be deter- 

mined by various circumstances, such as their palatability, 

dietetic effect, influence on the quality of the products, cost, 

etc., and must vary in different cases, but the principle 
underlying their use is always the same. 

Bye-products from Milk.—The chief of these is the 
whey, from the manufacture of cheese, which is chiefly 
used for hogs. 

The manufacture of cheese consists essentially in coagn- 
lating the casein of the milk by means of rennet. The 
eurd thus formed encloses in itself much of the fat of the 
milk, and the resulting whey contains about 1 per cent. of 
protein, 4 to 6 per cent. of milk sugar, and 0.3 to 0.6 per 
cent. of fat. The nutritive ratio is, therefore, not very 
wide, though it is variable, according to the completeness 
with which the albuminoids are separated in the curd. 
Water, of course, is the chief ingredient, amounting to 
about 90 per cent., or over. 

Aen Semen.  atecreeee Homma AIL! RRR BRA Try ARS! snare vena immanent tee LIMNRLL Een i HA ganar elie wath tetera “7 

* Farm experiments at the New Hampshire College of Aguiculture. 
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For hogs, whey is a very palatable and excellent fodder, 
especially if its very wate1y consistence be reduced some- 
what by the addition of grain. Indeed, many feeding-stuffs, 
like bran or oats, which of thempsclves are less adapted to 
these animals, seem to be better utilized when thus fed 

with whey than when used alone. 
Far more nutritions than whey are skimmed milk and 

sour milk, the first having lost chiefly fat and the second 
nothing. They have a narrow nutritive ratio, and with 
their help large quantities of potatoes and other feeding- 
stufts poor in protein can be very completely digested and 
utilized. 

All the constituents of milk may be regarded as wholly 
and easily digestible, except, perhaps, when it forms the 
exclusive food, when small quantities may escape digestion 
or resorption. 

§6. Tosers anp Roors. 

GeniraL Prorrrtirs.—The feeding-stuffs which we 

have hitherto considered in this chapter either have a 
medium nutritive ratio, or contain an excess of protein. 

Tubers and roots, on the other hand, contain an excess of 

the non-nitrogenous nutrients, starch predominating in the 

former, and sugar and pectin in the latter. As we regarded 

other feeding-stuffs as concentrated because they contained 
in a smal] bulk large quantities of digestible protein, so we 

may call these also concentrated, because they contain, in a 

small bulk, large quantities of digestible carbhydrates. 
Of the tubers, the one of greatest importance is the 

potato. It is a thickened underground stem, in which 

large quantities of starch have been laid up to serve as 

food for the new branches, leaves, and fruit which are to 

develop from it. [In like manner, the 1vots (turnips, beets, 
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carrots, ete.) are reservoirs of food for the young plants, 

but are, however, really roots and not stems. 

Besides their large content of non-nitrogenous nutrients, 

these feeding-stuffs contain a large amount of water, viz., 

on the average: 

Potatoes.....-.0... voweee ececcccscecsesesecs dO QO per cent, 

Sugar bects...... cee cece eee e eee eee en eens . $1.5 ee 

Carrots .. 6... cere ete e eee n neers wee ten sence .89 & 

Rutabagas..... pee senecens aeaeae cena eens . 87.0 = *§ 

Mangolds..........000004- sacccacceccecccess 88.0  ‘ 

Parsnips. ...- 0. cece cece cece eee eee nance tees 88.3 ‘ 

Vurnips.......0565 ce enee seaceee weaee DL. 

Potatoes are decidedly less watery than roots, while, of 

the latter, turnips contain the most water and the others 

about the same quantity, the slight differences shown by 

the above averages of all trustworthy analyses being of no 

significance. 

These considerations indicate clearly the proper method 

and limits of the use of root crops as fodder. Just as the 

feeding-stuffs previously considered are adapted to furnish 

albuminoids, and so to narrow ‘the nutritive ratio of a 

ration, so these are admirablv adapted to furnish carbhy- 

drates in an easily digestible form, and to widen the nutri- 

tive ratio. 
Neither kind of fodder can be used alone. Each can 

supply the wants of the organism in one particular di- 

rection, and one only. In order to obtain good results 

{rom roots, they must be fed along with other and more 

nitrogenous fodder. For this there are two reasons —first, 

roots are unable of themselves to supply enough protein 

for the needs of the animal, containing as they do but a 

trifling quantity ; and second, without the addition of more 

protein tu the ration much of the non-nitrogenous nutricnts 
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of the roots is liable to escape digestion. Still further, 
roots are a very watery fodder, and do not possess the 
necessary volume to fit them to serve as the exclusive food 
of ruminating animals. Hence, they must have added to 
them a ceitain amount of hay, straw, or other dry fodder, 
as well as some nitrogenous bye-fodder. A ration might 

be compounded, for instance, from mangolds and oil cake, 

which should contain protein, fat, and carbhydrates, in suf- 

ficient quantity and in the right proportions to supply the 

demands of a milk cow; but it would scarcely be regarded 
as suitable for such an animal. 

With hogs the case is different. Potatoes, especially, 

seem to agree excellently with these animals, and when 

encugh of some substance rich in protein, such as flesh 

meal, is added, to establish a suitable nutritive ratio and 

ensure the digestion of the starch, they produce excellent 

results. 
Proportion of Non-protein.—Comparatively recent 

investigations have shown that a large part of the nitro- 

genous matter of tubers and roots consists of various forms 

of “non-protein,” among which nitrates and amides are 

particularly abundant. 
Various experimenters have noticed the occurrence of 

amides or related bodies, as well as of nitrates and ammo- 

nia salts, in beets, but the first thorough investigations of 

the nitrogenous constituents of fodder beets were those of 

Schulze & Urich. Jn their first investigation * they con- 

firmed the fact already known, that beets contain a rela- 

tively large but variable quantity of nitrates, correspond- 

ing, in their experiments, to from 10 per cent. to 47 per 

cent. of the total nitrogen, and also found a very consider- 

Pr icsemataas coll neorsemnabnanenennemenneienneaaaninnenmaniaiamanemmmiandal bein stmHlictverentin erin seme nee ae 

« Landw. Versuchs Stationen, XVIII., 296. 
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able quantity of amides, while only 21.6 to 38.9 per cent. 
of the total nitrogen belonged to albuminoids. 

The following statement of their results on one sample 
will serve to give an idea of all: 

Se eeenemmreeed Ce onarieeerienTisateen ie adaaedsaniemebsaiieaameiaattenemiemnmenimataremamaartcen Tae nnn eT re Nun Rett anu y ewe a EOS) Gann ann wn TSEC Win Tun nnn ameen TT at 

Per cent, of Per cent. of 
fesh substance. total nitrogen. 

Total nitrogen...........44. 0 2390 100.00 

Nitrogen in soluble albuminoids..| 0.0358 “14.98 
‘6 insoluble “ 0.0158 6.61 

amides... . ce eee ee 0.0857 30.86 

6 nitrates... .... 0.80. 0.1053 44.06 

‘¢ ammonia salts....... 0.0050 2.09 

0.2476 103.40 
10) eee 0.0086 3.60 

rs meer ennai armen nie ican meme! a AaLmtamtORRMeRmn ny an lhe 

In their second paper,* the same authors showed that 
among the amide-like bodies contained in beets was gluta- 
min, and a trifling amount of asparagin. They also in- 
vestigated the functions of the amides, with the results 
already stated on page 37. 

A considerable amount of non-albuminoid nitrogen has 
also been found in the potato by Schulze & Marckert 
and by Kreusler,t and more recently Schulze & Barbieri § 
have published more extended investigations of five sorts 
of potatoes, which showed that the nitrogen of the fresh 
substance was distributed as follows: 
fo niece neeemtmemceninenttemme siantemshtneemestnny omamamnatrae —“ - on 0 Fr ioe enh hbo nua aeeetERNEnHNRNH HIRYINRLRLOMAIN REF 

* Landw. Versuchs-Stationen, XX., 193. 
+ Jour. of Landw., 1872, p. 66, 
} See the paper by Schulze & Barbieri. 

§ Landw. Versuchs Stationen, XXT., 63, 
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ve 

Nitrogen of Nitrogen of 
| 

cima | oie | Naan tno gmt 
Per cent. Per cent. Per cent, Per cent. 

| Cs 0.069 0.148 0.125 Q 012 

\ 0 0.046 0.157 0.118 0.019 

TI]... oe. cao ee . 0.058 0.080 0.143 0.010 

) Oh 0.047 0.115 0.150 0.024 

Viveaee casecee 0.087 0.147 0.100 0.026 

ae Laney ear 

The distribution of the nitrogen between protein and 
non-protein was, therefore : 

Dreseenrocnne sen anata snumanemel 

Protein. |Non protein, 
Per cent, Per cent. 

Protein. j|Non-protein. 
Per cent, Per cent, 

Leveceseeee 60.7 30.8 |lIV.......0. 48.2 51.8 

IL... .ccseeee 597 40.3 |) Visseccseeee 65.2 84.8 
IIL.... eee. ANA 52.6 

Beets and potatoes appear to be the only root-crops 
whose nitrogenous constituents have been investigated, but 
it is highly probable that other roots and tubers also con- 
tain considerable amounts of amides. Naturally, the bye- 
products, such as “‘ potato slump,” beet-root molasses, etc., 
are also liable to contain the same or derived bodies. 
Tusers.—Potatoes.—The composition of potatoes is 

largely determined by the variety and by various ex- 
ternal circumstances, such as soil, weather, and manuring. 
They may contain from 18 to 80 per cent. of dry matter, 
from 1.3 to 4.5 per cent. of protein, and from 12 to 27 per 
cent. of starch. 

The richer a potato is in starch the poorer it generally 



360 MANUAL OF CATILE-FEEDING. 

is in protein; the more watery it is the less is its per- 
centage of starch, and the greater, as a rule, is the amount 
of protein, and usually also of ash. 
When normally developed, the potato contains at least 

25 per cent. of dry matter, and the nutritive ratio is 1:10 
-12. Grown in a very rich soil or in a wet clay, the same 
variety of potatoes contains far less starch, but is richer in 
protein than when grown in a sandy soil or a sandy loan. 
A soil rich in humus sometimes produces much larger 
potatoes than a sandy soil, but their content of starch is 
generally less than that of medium-sized tubers grown in 
the same soil. 

This variation in the percentage of starch according to 
the size of the tubers, vanishes, the more closely the soil 
approaches the sandy or loamy character, so that in po- 
tatoes grown in such soils the content of starch often in- 
creases with the size, especially if the smaller ones are not 
fully ripe. 

It is also well known that the manuring exercises an 
important influence on the quality and chemical composi- 
tion of the potato. According to one observation, e. /., 
the same variety of potatoes contained 2.27 per cent. of 
protein when manured with potash and lime, and 4.44 per 
cent. when heavily manured with carbonate of ammonia. 

The same thing, however, is true of the potato as of 
other crops, viz., that the influence of the manuring on the 
quality of the crop varies according to the other influences 
which act with it, such as soil, weather, and method of 

culture. According to whether these aid or hinder the 
action of a manure or chemical fertilizer on the composi- 
tion of the tubers, the effect produced will be nore or less 
striking. 

It may be added that the ash of the potato is rich in 
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potash and contains also considerable phosphoric acid, but 
only a little lime and soda; this must be borne in mind 
when they are used for feeding milk cows or young and 
growing animals. 
Artichokes.—These may be mentioned as being the 

only other tubers which are of practical importance as 
fodder, and even they are seldom raised on the large scale. 

The tubers of this plant are more watery than the potato, 
but somewhat richer in protein, so that the nutritive ratio 
is on the average about 1:8. The stalks may also be used 
as fodder for sheep, the animals being allowed to select for 
themselves the leaves and tender plants. 

Ttoors.—Com position.—Potatoes and artichokes are tu- 
bers, though often included under the term roots or root 
crops. 

The feeding-stuffs which we are about to consider, how- 
ever, are true roots, and the difference shows itself even in 
their chemical composition, while among themselves they 
are so similar that a separate consideration of each kind is 
hardly necessary. 

They contain much more water than the tubers, and are 
characterized by the fact that while in the former the 
nitrogen-free extract consists almost wholly of starch, in 
the roots it consists of sugar and bodies of the pectin 
group, With no starch except in a few cases, ¢.g., in the 
carrot. 

That pectin is easily digestible, at least by ruminants, 
was found in experiments made long ago, by Gronven, at 
Salzmiinde, on oxen, and this result has been confirmed by 

the fact that in numerous experiments since made on sheep, 
in Ilohenheim, the nitrogen-free extract of roots was very 
completely digested, often up to 98 per cent., even when 
large quantities of roots were fed. The nutritive effect, 
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therefore, of the nitrogen-free extract of roots may be as- 
sumed to be similar to that of starch. 

Variations in Composition.—lt is observed in all roots 
that, other things being equal, the water content increases 
with the size of the root, and consequently the quantity of 
dry matter decreases. 

The richer the soil and the more heavily it has been 
manured, especially with yard manure, the greater is usu- 
ally the percentage of protein in the dry matter of the 
roots. The difterent kinds of roots, however, show difter- 
ences in this respect. Sugar beets are the poorest in pro- 
tein and contain the most dry matter, at least when they 
develop according to the wish of the sugar manufacturer. 
Large sugar bects, weighing two pounds and over, such as 
are produced by heavy green manuring and too wide set- 
ing, have a composition more resembling that of ordinary 
mangolds. 

Feeding Value.—The foregoing consideration of the 
chemical composition of tubers and roots points out un- 
mistakably their true value as fodder. Aside from their 
succulence and palatability, and any specific dictetic action 
which they may exert, their value lies in their non-nitro- 
genous ingredients. They contain but little nitrogenous 
matter and only a portion of this is true protein, so that 
unless very large amounts of thein are fed these constitu- 
ents are of little account. The carbhydrates and pectin 
substances which they contain, on the other hand, are pres- 
ent in large quantities, are easily digestible, and furnish a 
ready source of non-nitrogenous nutrients. 

These feeding-stuffs are generally assumed to be wholly 
digestible. It is not likely that this is strictly true, but 
their digestibility is so great that no serious practical error 
is Involved in the assumption of complete digestibility. 
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Sugar Beet Pulp—wWhere the mannfacture of beet 
sugar is carried on, the residue fiom the estraction of the 

juice is largely used as fodder. 
The change of composition which takes place in the 

material consists largely in a removal of non-nitrogenous 
constituents; but the extent of the alteration, as well as 

the composition and properties of the residue, vary con- 
siderably according to the method of manufacture. 

In the older methods, still quite commonly used, the 
juice is obtained either by pressing the roots or by means 
of a centrifugal machine. In both cases more or less of 
the nitrogenous matter of the beets passes into the juice. 
Sugar beets have, on the average, a nutritive ratio of 
1:17; in the residues thus obtained it is reduced to 1:10 

—12, while the pressed residue has about 30 per cent., and 
that from the centrifugal machines about 18 per cent. of 
dry matter. 

The newer method consists in treating the thinly sliced 
roots with warm water and allowing the suyar to diffuse 
out. In this method but little protein passes into the 
juice, and the residue has a much narrower nutritive ratio 
than that from either of the former methods, viz., 1: 5.5-7, 

rendering it, of course, all the more valuable for feeding. 
It has, however, the disadvantage of being very watery, 
containing only about 5.5 per cent of dry matter; by 
moderate pressure the amount may be increased to about 
7 per cent., and by heavier but more costly pressure to 
9.5 to 14.5 per cent. 
A process strongly recommended for utilizing these 

residues is to remove as much of their water by pressing as 
practicable and then to treat them by ensilage. 

In the fermentation still more water is removed, but, 
according to experiments in Weende, only a slight loss of 
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valuable nutrients takes place, and this is less when the 

residue is previously pressed than when it is submitte'l to 

fermentation in its fresh state. In these experiments the 

percentage of dry matter increased, in the unpressed resi- 

due, from 5.4 to 8 per cent., and in the moderately pressed 

residue from 6.8 to 13.7 per cent. A further advantage in 

pressing previous to fermenting is that it seems to make 

the fodder keep better and to protect it from decay. 

The residue of the diffusion process, when fermented, is 

an excellent and palatable fodder for all farm animals, 

when it is fed as part of a properly compounded ration, 

while it does not seem to be so satisfactury when fed 
fresh. 



PART IIL. 

THE FEEDING OF FARM ANIMALS. 

CHAPTER I. 

FEEDING STANDARDS. 

Components of Body.—In the first chapter of Part J. 
we learned that the animal body, in spite of the great 
number of different substances which are found in it, may 

be regarded, for purposes of feeding, as composed of four 
substances, viz., water, protein, fat, and ash. All the 

other compounds which it contains are found in such small 
quantities as.to be of no significance when the general 
make-up of the body is under consideration. 

In life the body suffers a continual loss of these sub- 

stances, and must receive a constant supply of materials 

from without to replace them. The loss of water is readily 

supplied, and any fodder which is adequate in other 
respects will in most cases contain a sufficient amount of 
the ash ingredients; so that in feeding, our attention is 
chiefly devoted to supplying materials for replacing the 

losses of protein and fat to which the body is subject. 

The Nutrients —The replacement of these continual 
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losses from the body, as well as the supply of material for 
new growth, is accomplished by means of the food. 

Plainly, however, it is not the food as a whole, but 
those ingredients of it which are digested which can serve 
this purpose. Neglecting, as before, water and ash, the 
substances digested and resorbed from the food are essen- 
tially three in number, viz., protein, fat, and carbhydrates ; 

and it is with these three kinds of matter that the amount 
of protein and fat in the body is maintained or increased. 
The digested protein of the food is the sole source of the 
protein of the body, while, as we have seen, the investi- 
gations thus far made lead us to the conclusion that all 
three groups.of nutrients probably contribute to the furma- 
tion of fat. 

Feeding Standards.—In the last three chapters of Part 
I. we took up the general Jaws regulating the production 
of flesh, fat, and work in the body. It became evident 
from the considerations there presented (compare page 196) 
that an essentially different proportion of nitrogenous and 
non-nitrogenous nutrients is required in the fodder accord- 
ing to the object of the fecding, a conclusion which is 
plainly in harmony with practical experience. 

The chief object of investigation in the ficld of cattle- 
feeding was there stated to be the determination of the 
quantity and proportions of the several nutrients required 
in the fodder of animals kept for various purposes. The 
results of such investigation are concisely expressed in 
what are called “J*eeding Standards,” which are simply 
statements of the amounts of digestille protein, carbhy- 
drates, and fat, which experience has shown to be in gen- 
eral best adapted to the purpose in view. Tur example, 
the feeding standard for milk cows given by Wolff is as 
follows: 
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FEEDING STANDARD FOR MILK Cows, PER Day anp 1,000 Pounps 
LIVE WEIGuT. 

Digestible protein. .... eee eee eee eees be eaee 2.5 pounds. 

“e fat... .. cee ee dae eceeceecs eee 0.4 ‘* 
“6 carbhydrates......e. es ce eee seee 12.5 * 

Nutritive ratio...... sees oe eee ee ner ecee ». 1:5.4 

Total dry matter... 0... cece eee eee ee eee nee 24 pounds, ™ 

This means that any mixture of suitable feeding-stuffs 
from which a cow can digest 2.5 pounds of protein and 13 
pounds of non-nitrogenous nutrients per day will form a 
proper ration and yield a good flow of milk. 
Advantage of Feeding Standards.—The advantage 

of a feeding standard lies in the fact that it presents the 
results obtained by careful experiment and observation in 
a concise form, and one admitting of practical application. 

Thus the feeding standard for milk cows given above is 
deduced by Wolff from the results of a large number of 
experiments made at different times and by different 
observers In these experiments various feeding-stuffs 
were used. Now it is plain that a simple statement 
of the kind and quantity of fodder used in one or all 
of these experiments would be of use to the feeder 
only if he had at his disposal the same kind and quality 
of fodder. If, on the other hand, he must use other feed- 
ing-stuffs, he can derive no benefit from these experiments 
unless he has some means of comparing the nutritive value 
of his feeding-stuffs with that of those there used. 

This he can do by estimating the amounts of the several 
nutrients which his feeding-stuffs contain in a digestible 
form, since it is evident that their nutritive value lies 
simply in the amount of protein, fat, and carbhydrates 
which the cows can extract from them. Moreover, when 

he knows the quantity of digestible nutrients which his 
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feeding-stuffs contain, a feeding standard like that already 
given will enable him to compound a ration, from the ma- 
terials at his disposal, which shall supply his cows with the 

sune amounts of digestible matters as were employed, on 

the average, in the experiments from which that standard 

was deduced. When his cows are thus fed, though they 

may not consume the same kind or weight of fodder as 
was used in the experiments which he has taken for a 
model, they will resorb into their systems the same amounts 
of protein, fat, and carbhydrates, and will therefore be 
equally well nourished. 

The method of calculating rations in accordance with 
these principles will fourm the topic of a subsequent chap- 
ter; we are concerned here only with the nature and 
utility of feeding standards. 

The convenience of these standards as a means of ex- 
pressing the results of experience and as a guide in the 
compounding of rations is obvious. In the succeeding 
chapters we shall occupy ourselves with a consideration of the 
feeding standards for the various purposes for which stock 
is kept, endeavoring to indicate the degree of contidence 
which is to be placed in them and the principles in accord- 
ance with which they may be modified to suit individual 
circumstances. 

In addition to the amount of digestible nutrients re- 
quired, feeding standards usually prescribe approximately 
the amount of total dry matter in the ration. This, 
in connection with the amount of digestible matters, 
informs us in regard to the volume of the ration, and 
whether it contains larger or smaller quantities of coarse 
or of concentrated feeding-stuffs. If the amount of 
total dry matter is much in excess of the snm of the 
digestible matters, it is obvious that a considerable portion 
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of the ration must be made up of bulky fodder, containing 
much indigestible matter and serving to make up the neces- 
sary volume, while if this excess is sinall, a larger portion 
of the ration must consist of easily digestible feeding-stuffs. 

In the feeding standard given above as an illustration, a 
certain quantity of digestible fat is calledfor. It is at pres- 
ent impossible to state with any certainty the most suitable 
quantity of this substance, since so few experiments have 
been_made on the subject, and even these are by no means 

accordant. We know that the fat of the food appears to be 
more easily stored up in the body than that coming from the 
splitting up of the albuminoids (page 191), and that fat 
is a more concentrated heat-producer than the carbhy- 
drates, while, in its relations to the gain and consump- 

tion of flesh, it can be replaced by the latter. It may, 
therefore, be assumed that the fat of the fodder plays a 
direct and important part in the production of milk, in 
fattening, and in the feeding of working animals, especially 
horses, and that accordingly where a rapid production is 
desired, the amount of fat in the ration is of some mo- 

ment. We shall, therefore, include the digestible fat as 
such in the feeding standards, but rather as an indication 
of its probable importance than as a statement of the quan- 
tity of it which must be contained in the ration. 

Limitations of Feeding Standards.—Feeding stand- 
ards being simply the concise expression of the results of 
experiment and observation, it is plain that their value 
must depend on the extent and accuracy of the observa- 
tions on which they are based. Some of those to be con- 
sidered in the following chapters are the results of many 
careful experiments, and are worthy of much confidence. 
Others, again, are based on but few observations, and are 
confessedly only tentative. 

16* 
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Furthermore, it is plain that a single feeding standard 

cannot possibly take account of all the varying conditions 

that arise in practice. For the maintenance of full-grown 

animals it is possible to give tolerably exact feeding stand- 

ards, but for purposes of production it is obvious that an 

important factor in determining the character of the fecd- 

ing is the amount of production which is desired, this again 

being determined by financial considerations. Asa general 

rule, a rapid and abundant production is relatively more ex- 

pensive than a smaller and slower one, and is profitable ouly 

when the price of the products is correspondingly high. 

Moreover, different breeds, and even different animals of 

the same breed, show differences in their capacity for pro- 

duction and in the return which they yield for a given 

expenditure of fodder. 
Under these circumstances the office of a feeding standard 

is to show what amount and quality of foud is da generat 

best adapted to the end in view, while the conditions of 

the individual case must determine how far and in what 

way it is to be modified. An unintelligent use of feeding 

standards is quite as likely to result in failure as in suc- 

cess; but when combined with practical judgment and 

observation, and knowledge of the laws of animal nutri- 

tion, they are capable of rendering important aid to the 
feeder. 

In the following chapters we shall take up the chief ob- 
jects of feeding and consider briefly the application to 
them of the general laws of animal nutrition which formed 
the subject-matter of Part I., indicating under cach head 
the quantities of the several nutrients (¢.¢., the feeding 

standard) which the experience thus far had shows to be, 
on the whole, adapted to produce the best results at the 
least expense of fodder. 
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Amides.—Attention has already been several times 
called to the fact of the existence of considerable amounts 
of amides in many fodders. Many of the experiments from 
which our feeding standards are derived have, doubtless, 
been made with such fodders, and it becomes of interest to 

inquire how their results are affected by this fact. 
It is to be remembered that these feeding standards are 

not deduced from any theoretical considerations, but are 

simply the combined results of more or less numerous 
carefully conducted feeding-trials. In these trials, feeding- 

stuffs have been used which have subsequently been shown 

to contain amides, and their results, when allowance is 

inade for this fact, might be expressed somewhat as fol- 

lows: 
So much digestible albuminoids and amides, along with 

such and such amounts of digestible carbhydrates and fat, 

proved a suitable ration for the purpose intended. 

Now in compounding a ration in accordance with a 

feeding standard like the above, the farmer would natu- 

rally use, to a considerable extent, feeding-stuffs similar to 

those used in the original experiments, and in all probabil- 

ity the proportions of albuminoids and amides in the two 

rations would not vary very greatly. 

Moreover, it would appear from our present knowledge 

that any difference which might exist would only affect 

the value of a ration as a fat producer, while the two 

vations would be on an equality as regards the formation 

of flesh. 

If we add to this the fact that the feeding standards 

themselves are but approximations, and are not to be 

blindly followed, but intelligently modified to suit varying 

circumstances, we shall see that, in spite of some ambigu- 

ity, a feeding standard may yet be a valuable aid in apply- 
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ing the experience gained by other experimenters to our 
own particular case. 

Still further, if we know, as we easily may, the propor- 
tions of albuminoids and of amide-like bodies in the feed- 
ing-stuffs which we use, we have, even with our present 

limited knowledge of the subject, the basis for forming a 
tolerably intelligent judgment as to whether our ration is 
deficient in true albuminoids or not. 

It is, of course, desirable that feeding standards should 
distinguish between albuminoids and amides, and doubt- 
less this will be done to a large extent in future investiga- 
tions. Meanwhile, the considerations here presented show 
that those standards which we possess at present are far 
from having lost their practical value when intelligently 
used. 

Subjects not Considered,—Revarding, as we do, the 
determination of the proper feeding standards for the vari- 
ous purposes of feeding as the chief object of all work in 
this department of agricultural science, we must confine 
ourselves in this part of the present work chicfly to the 
consideration of these standards. It does not come within 

the scope of this work to consider such questions as the 
palatability of the various feeding-stuffs, the most suitable 
kinds of fodder for different animals, or any “ specific” or 
dietetic action of particular fodders on the organism. 
These are, in part, purely practical questions, and in part 
questions to which science can as yet return no definite 

answer. Consequently, though they are often of great 
importance, they do not properly find a place in a work 
which treats of the application of science to feeding. 

Furthermore, it is not our purpose to consider the 
necessary management and care of stock, the arrangement 
of stalls, stables, and yards, or the various methods of 
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preparing the fodder. On the contrary, we assume that 
all that is necessary in these respects is carefully observed ; 
only when this is the case can the best attainable utiliza- 
tion of the fodder used be expected. In this we include 
those methods of preparing the fodder which, while they 
do not increase its digestibility, render it more palatable, 
and incline the animals to eat more of it. 



CILAPTER IT. 

FEEDING FOR MAINTENANCE, 

§1. Oxen. 

The Weende Experiments.—In order to obtain the 
necessary basis for a rational feeding of domestic animals, 
especially of the ruminants, it is important to determine 
the minimum anount of uutritive matters which is neces- 
sary for full-grown animals in complete rest, in order to 
just keep them in average condition. Onsen are especially 
adapted for such experiments, since In these animals the 
production of hair or other portions of the body, or of secre- 

tions like milk, does not demand any considerable quantity 
of nutrients, and therefore the demands of the vital pro- 
cesses on the latter can be determined with sufficient accu- 
racy. 

The earlier experiments of Henneberg & Stohmann,* 
at Weende, gave valuable results on this point. They 
were made on full-grown oxen; the digestibility of the 
fodder was ascertained directly, and the protein consump- 
tion and the gain or loss of flesh were also determined. 
In the absence of a respiration apparatus, the gain or logs 
of fat could only be estimated. 

It was observed that the whole outward appearance of the 
animals remained unchanged for a considerable time, and 

* * Beitiige zur Begrundung einer rationellen Fiitterung der Wieder- 
kduer.” Heft 1. 
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that their weight suffered no essential increase or decrease, 
when they received, per 1,000 Ibs. live weight, one of the 
following rations per day: 

1. 19.5 lbs, clover hay. 

2 3.7 * “13.0 Ibs oat straw, and 0.6 Ib. rape cake. 
3. 26 ce Ti 6e 14.2 te ee &b 0.5 6b th 

4. 38 “ «6 13.3 “ rye straw, and 0.6 “ “6 

5, 25.6 “ mangolds, 12.6 “ oat straw, and 1.0 ‘ “ 

These rations were found to have yiclded the following 
quantities of digestible nutrients per day: 

on rem Se caemenaneliaaalittiemen acai anaesneaaenmmmusnaenaan! metcrvmneayniinee — muteamameningtis incensed eames dem seneene cneeememeannemmanniameamamnneninammmenmaermamena ato 

nap | yan | ae | cana 
| en 50.7 0,84 0.04. 7.61 

Doce see wneee 61 7 0.56 0 04 7.12 

3 68.7 0 41 0.25 752 

re 68 7 0.49 0 46 7.03 

re 61 7 0 56 0 60 6.44 

Average.... 62 8 0.57 0.28 7.14 
WH MNRE RINNE otREN cnt easieslenin aandiamnieiedadmcmamidnammadimaataaidcememinesand Fat alliiael pcauieeaseee uanten aaeebe oe caelote ast amett remanent 

It was furthermore observed that there was rather a 
slight gain than any loss of flesh, showing that the fodder 
was certainly sufficient to maintain the animals in their 
original condition. In only one of the experiments was a 
small loss of flesh observed, and this took place in Experi- 
ment 1, in which the greatest quantity of nutrients was 
digested. It is probable that this is to be explained by the 
lower temperature of the stall in this case, since a lower 
temperature causes an increased productign of heat in the 
bedy at the expense of either the food materials or the 
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hody itself. It may be mentioned, also, that the above 
rations contained, on the average, about 0.05 Ib. of phos- 
phorie acid, 0.1 1b. of lime, and 0.2 Ib. of alkalies, quanti- 
ties which must be abundantly sufficient to supply the 
wants of full-grown oxen at rest. The daily amount of 
water was, per 1,000 lbs. live weight, 52 to 64 Ibs., averag- 
ing 55 Ibs. 

No certain evidence could be obtained in the above ex- 
periments as to whether the fat of the body, like the flesh, 
remained unaltered in amount; this could only be assumed 
as probable from the general appearance of the animals. 

The average nutritive ratio in these experiments was 
1:18. Later experiments in Weende showed very de- 
cisively that a much narrow nutritive ratio is undesirable 
in the maintenance feeding of oxen. Jn the average of thir- 
teen experiments the animals digested, per day and 1,000 
Ibs. live weight, 1.18 lbs. of protein and 6.60 Jbs. of non- 
nitrogenous nutrients, the nutritive ratio being 1: 5.6, 
The result was an average gain of 0.29 lb. of protein per 
day (compare pp. 148-150), but a very decided loss of 
weight, caused probably by a loss of fat. 

In two experiments, the animals digested only 0.4 and 
0.6 lb. of protein per day and 1,000 Ibs. live weight, yet 
these small quantities sufficed to prevent any loss of flesh, 
thus confirming the results of the earlier experiments. 
The Feeding Standard.—As the direct result of the 

Weende experiments we find that a ration which supplies 
about 0.6 Ib. of digestible protein and about 7.5 lbs. of 
digestible non-nitrogenous nutrients per day will suffice to 
maintain a thousand pound ox without growth or loss of 
weight. 

In all these experiments, however, the temperature of 
the stall was considerably higher than it is usually practi- 
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cable to keep it in winter, and as a consequence the demands 
of the animals for food, particularly for non-nitrogenous 
nutrients, inust have been correspondingly less (compare 
pp. 231-233). In view of this fact it is probable that the 
above numbers showd be increased somewhat in order to 
be sure of satisfying the minimuin demands of the animals 
under average conditions. Wolff recommends the follow- 
ing 

FEEDING STANDARD. 

Digestible protein ....... cc cece ee ee eee 0 7% pounds. 

“ earbhydrates and fat ..........06: 8.4 “ 
Nutritive ration... cece cece eee e meee ees 1:12 

Total dry matter, about.... ..... eee eee eens 17.5 pounds. 

These quantities of digestible matters are amply suffici- 
ent in ordinary cases. It is, indeed, probable that the 
amount of protein might often be decreased slightly with- 
out occasioning a loss of flesh, while, on the other hand, 
exposure to great cold might cause a demand for more 
carbhydrates. 

The number for total dry matter indicates that the fodder 
should be quite bulky, and may appropriately and profit- 
ably consist of straw, with the addition of soine hay or of 
small quantities of nitrogenous bye-fodder, either with or 
without roots. The quantity of digestible fat is of no 
great importance in the simple maintenance of oxen. 

The quantities of the above feeding standard are per 
day for a thousand pound animal. Lighter animals would 
require less food of the same quality, and heavier 
ones more. The variation is not quite in proportion to 
the weight, liowever. Small animals require more food 
than large ones in proportion to their weight, since they ex- 
pose relatively more surface to radiation and consequently 
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lose heat more rapidly, just as several small hot bodies will 
cool faster than one large one of equal weight. 

Convenience of the Feeding Standard.—Any ration 
which contains the amounts of total dry matter and of di- 
gestible nutrients called for by the standard will serve the 
desired purpose. 

The convenience of possessing such a standard is obvi- 
ous. On page 375 we have given five rations, any one of 
which was found to keep the animals in good condition 5 
but these alone would be of little benefit to a farmer who 
did not have at his disposal exactly the fodders there called 
for. If he chanced to wish to use hay, or wheat straw, or 
stover, or not to lave rape cake, he would be left entirely 
in the dark as to how much of these to use, or how to com- 
bine them, or what to substitute for them. But with the 

feeding standard he has simply to calculate, by the aid of 
a table such as is given in the Appendix, what quantities 
of the materials at his disposal will give the amounts of 
the various constituents and the bulk which the standard 
calls for. 

The aid which such a method of calculation gives in 
comparing the experience of different observers is not 
easily overestimated ; it reduces the heterogenous observa- 
tions to a comparable form, and to one which shows ex- 
actly in what direction the ration is defective, if it is so at 
all, while a simple statement of the kinds and quantities 
of fodder used is of only local value. This will appear 
more strikingly when we come to consider productive 
feeding. 

It may be added in regard to the above standard that it 
agrees well with the practical experience of German agri- 
culturists. 
Exclusive Meal Feeding.—AIl the experiments hither- 
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to made on the maintenance feeding of cattle have been 
with various forms of coarse fodder. The plan of winter- 
ing stock on corn meal exclusively, which is adopted by 
Mr. L. W. Miller, has already been alluded to, and pres- 
ents such a strong contrast to the ordinary system as to 
merit some consideration. 

Mr. Miller’s experiments have been made on dry cows, 
and he states,* as the result of several seasons’ experience, 
that three quarts of good jine corn meal per day, fed dry 
and without other food, are abundantly sufficient to supply 
the wants of a 900 pound animal. 

It is of interest to compare this ration with the feeding 
standard deduced above. Assuming three quarts of meal 
to weigh 4.2 Ibs., and that the corn meal has the same 
composition as the average of American maize, viz. : 

Water..... eee een e ee ten tanenee waeeeseee 10.47 per cent. 

0S) 1.56 °* 

Protein... cc. cece cece eee ee cece ee eneetas 1096 * 

Crude fibre... cc. eee eee eee cee eee 173 
Nitrogen-free extract....... vec e eee anes ... 69.69 “ 

Bate... cece eevee ew tence oe eeaes weenie 559 + 

and assuming also the highest digestion coefficients yet 
observed for maize, viz. : 

Protein .........- een nee a tenon eeawes whence ee ee oneness *, 85 
Crude fibre... ......0..- beet new ese weeens eee ene anenees 57 

Nitrogen-free extract..... ..+.seeeseee ee eeeee bet aweeeee 96 
Fat... ese c sec ca ce eeees te eeeeae vaweeee bo dene enee cease 79 

we obtain the following comparison, calculated for a thou- 
sand pound animal: 
cs sceheinieeaiia sin uae etnias aainiamniataaiaaelia Dr illic ot aneecemeesaeinnsanennanmamenasiaamnininiammnaenl —~ peennRR TREN omeREED OR NANI el rae hiEramTIRe miro 

* Tn his pamphlet entitled ‘‘Meal Feeding and Animal Digestion,” 
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Ee alameda ana Pe ee care conte eet Nene ee Seer eat oecay 

Standaid, 4.7 Ibs, corn mica, 
Lbs Lbs. 

Dry matter oo. csc c cece eee enone . 17.5 4,21 

Digestible protein...... nee e eee teens 0.7 0.44 

ee carbhydrates, .... eee e ee ee . 3,20 
8.4 

4 ‘ fat *~2 ¢ © he BS whew ee F eee a mune nm ee 0 . 21 

Tee eee lM eM eet rTaRHtineinhec yee eines Seve mimett emnamvnmetagnen armtoniacccmvenaienins aig soeaemtteatttoene) wane Whee HOM 

A striking contrast is at once manifest. The protein of 
the corn meal ration, though falling considerably below 
the amount called for by the standard, is not essentially 
less than in some of the Weende experiments (p. 375), but 
the quantity of non-nitrogenons nutrients is very much 
smaller in the meal ration, and the same is true of the 

total dry matter. 
Mr. Miller and others who have practised his systeim, 

state that the animals do not appear to lose flesh on it, and 

that animals wintered in this way take on flesh when 
turned out to grass in the spring more readily than after hay- 
feeding. Though no weighings are given to substantiate 
these statements, it appears unlikely that any great deterio- 
ration in the condition of the animals would have escaped 
notice. Apparently, we must admit that a ration of three 
quarts of corn meal is at least nearly sufficient for muain- 
tenance. 

In accounting for the sufficiency of a ration falling so 
much below what other experiments have shown to be 
necessary, several facts must be taken account of. 

In the first place, Mr. Miller’s rules direct that the 

stables be kept “warm and comfortable.” As already 
noted, the quantity of digestible protein caleulated to be 
present in the corn-meal is about the same as that digested 
in the Weende experiments, which were also made in warm 
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stables. J)oubtless some saving of protein and a consider- 
able economy of carbhydrates and fat can be effected in 
this way. 

In the second place, the digestible matters of the corn- 
meal are accompanied by far less indigestible matter, and 
consequently require less internal work in their digestion, 
as explained on page 228. Though we have no means of 
accurately computing the saving thus affected, it is doubt- 
less considerable. 

Still a third point, to which attention has recently been 
drawn by Salmon,* is the fact stated by Mr. Miller, that 
cows fed exclusively on meal drink but little water, averag- 
ing about five quarts per day and head. Five quarts equal 
about 104 pounds, while the amount consumed on an ordi- 
nary ration of coarse fodder (estimating, according to 
Wolff, four pounds of water to one of dry matter) would 
be not far from 70 pounds. Allowing for the half-pound 
of water in the corn meal, this shows a difference of 59 
pounds per day. 
Now we have already learned that an increased con- 

sumption of water involves an increase in the amount of 
matter oxidized in the body, particularly in that of the 
on-nitrogenous matters. This increase is probably due 
Jargely, if not wholly, to the demand thus made on the 
body for heat to warm the water to the temperature of the 
body and to evaporate part of it. (Compare pp. 234— 
237.) 

If we assume the extra 59 pounds of water consumed 
when coarse fodder is used to have a temperature of 
32° F. when drunk, then warming this water to the tem- 
perature of the body (100° T*.) would require 1,016,971 
shor pritinearc ee nceene ncgan testa ered teat ESSE ivi tidcnteeminebemi Annie itn ASHReRE IIRC 

* Country Gentleman, July 11, 1878. 
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units of heat, an amount producible by the combustion of 
0.57 pounds of material of the composition of starch. 

Furthermore, a portion of this water is converted into 
vapor, thus causing a still greater demand for heat. In 
Ilenneberg’s experiments on sheep (page 235), about one- 
half the water drunk was excreted as vapor. If we as- 
sume that this proportion is applicable to cattle, and that 
of the 59 pounds of water about 30 pounds are converted 
into vapor, it is easy to calculate from the data on page 
234 that the production of sufficient heat for this purpose 
would require the combustion of 4.44 pounds of organic 
matter of the composition of starch. 

If, now, we add to the digestible non-nitrogenons mat- 
ters of the meal ration the amounts estimated to be saved 
by the less consumption of water, we obtain the following 
result : 

Present in the corn meal..... ever erence eences 3.41 pounds. 

Warming 59 lbs. of water to temperature of body 057  * 

Evaporating 30 lbs. of water........00.-0.0200 444 % 

Adding to this the fact that an increased consumption of 
water angments the protein consumption in the body, we 
have a plausible explanation of the sufficiency of the ap- 
parently insignificant ration of three quarts of meal. 

Essentially the same result was reached by Salmon (Joe. 
cit.), though from different data. These calculations, of 
course, are based on somewhat uncertain assumptions re- 
garding the amount of water drunk and the proportion of 
it which is evaporated, and therefore make no claim 
to accuracy. The only object of introducing them here 
is to show that it is not at all impossible that exclu- 
sive meal feeding can maintain an animal. The practica- 
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bility and desirability of this method of feeding are matters 
to be decided by practical experience, while the question 
of the sufficiency of such a ration can be finally settled 
only by exact scientitic experiments. 

§ 2. Seep. 

Sheep need relatively more Food than Cattle.—It 
is to be assuined @ priors that the quantity of nutriment in 
the maintenance fodder of sheep must be greater than in 
that of oxen. A certain quantity of protein is demanded 
for the growth of wool, and the more active temperament 
and greater amount of movement of these animals, even 
in the stall, increases the consumption of the non-nitro- 
genous nutrients. Moreover, on account of their smaller 
size, it would seem that the loss of heat by radiation must 
be relatively greater. Under these circumstances, it might, 
perhaps, have been expected that the difference between 
the two would be greater than it has been found to be. 
That it is not may be explained, however, by their thick 
coat of wool, which hinders the radiation of heat, and per- 
haps also the evaporation from the skin, so decreasing the 
demand for heat-producing materials. It is a well-ascer- 
tained fact that goats, for example, under the same cir- 
cumstances and with the same live-weight, require more 
fodder than sheep. 

Experiments in Weende.—Expcriments on the main- 
tenance feeding of sheep have also been made by Henne- 
berg,* in Weende, and in them not only the “sensible” 
excretions, but also the products of respiration, were accit- 
rately determined; so that the effects of the feeding on 

oa nee eae netted 

* Neue Beitriige, etc., 1871. 
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the fat of the body, as well as on its flesh, could be ascer- 

tained. 
The experiments were made on full-grown (four and 

a half years old) sheep of the coarse-wooled variety of 
the neighborhood of Gottingen (so-called Leine sheep), 
weighing per head about 106 lbs. They were fed exclu- 
sively on average meadow hay, and consumed it at the rate 
of almost exactly 26 lbs. per 1,000 Ibs. live-weight (shorn 
weight), an amount corresponding to 21.4 lbs. of dry matter. 
From this ration 1.82 Ibs. of protein and 10.53 Ibs. of non- 
nitrogenous matter (including 0.322 lbs. of fat) were di- 
gested. If for the fat be substituted its equivalent in 
starch, the amount of non-nitrogenous matter becomes 
11.38 Ibs. 

This ration caused a small gain, viz., 0.161 Ibs. of protein 
and 0.299 Ibs. of fat per day and 1,000 lbs. live weight. It 
was accordingly abundantly sufficient to maintain the ani- 
mals without really fattening them. If the gain of protein 
and fat be subtracted from the above ration (the fat being 
reduced to its equivalent amount of starch by multiplying 
it by 2.5), we shall have the following amounts: 

Protein 2.0... cece cece ec eee cece eee eatenes 114 pounds. 
Carbhydrates, ) ve a Fat, Prptctrseesressecseseeeees cee 10 65 

Total dry matter............ ... Leeann 2600 = * 

Nutritive ratio... .. cece ec ee ence e ee ee ee en ween 1:9.3 

In reality, however, a greater deduction should be made, 
at least from the protein, since changes in the amount 
of this nutrient affect the consumption of protein far more 
than its gain or loss. It is therefore probable that the 
above quantities would have been rather more than suffi- 
cient to maintain the sheep. 



MANUAL OF CATTLE-FEEDING. ters) 

This result agrees well with those obtained by Schulze 
& Marcker in their experiments on sheep, already referred 
to on page 152. These experiments were made on the 
same two sheep which were used in the above experiments 
by Ienneberg, and also on two others of the same breed. 

If, following Wolff, we divide the twenty experiments 
which were made, into two groups, according to the total 
amount of digestible nutrients, and then subdivide these 
groups according to the wider or narrower nutritive ratio, 
we obtain the following averages, each of five experiments, 
per day and 1,000 lbs. live-weight : 

Digested pro- |Digested carbhy- Total Gain (+) or Joss 
tein. drates and fat nutrients. Nutritive ratio. | (—) of protein. 
Lbs. Lbs Lhs. Lbs, 

1.04 9.49 10 53 1: 91 —Q 042 

1 56 9.54 11.11 1: 61 —0.006 

1 il 11 70 12.81 1°10 5 +0 124 

2 81 12.25 14 56 1: 5.3 +0 245 

Plainly, the third ration gave, on the whole, the most 
satisfactory results, and it will be seen that it corresponds 
quite closely with the results of Henneberg’s experiments, 
while the average of the first three does not vary much 
from it, viz. : 

Digestible protein . ....... ccc eee ew cen eeeees 1 24 pounds. 

“6 carbhydrates and fat.........0..-6. 10.24 ‘ 

Nutivitive ratio... ...... cece ce wee ee tween even 1:88 

It was also found in these experiments that, as in the 
case of oxen, a too narrow nutritive ratio is to be avoided 
in simple feeding for maintenance. 

1? 
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Experiments have also been made by Wolff,* in Hohen- 
heim, upon the feeding of sheep. Animals of three dit- 
ferent breeds were used, viz., Merinos, Sounthdowns, and 
the so-called Wurthemberg bastard breed (grade Merinos), 
and each received two different rations, viz., per 1,000 lbs., 

shorn weight: 

Digestible carb- 
Digestibie hydrates and Total. Nutritive 
k Lbs fat. Libs. ratio. 

° Lbs, 

| 1.37 8.92 10.29 1:6.1 

IL...... eee. | 1.98 9.93 11.15 1:8.1 

These quantities agree well with those used in Weende, 
except that the quantity of carbhydrates, and consequently 
the total amount of nutritive matters, is somewhat less, a 

fact which explains the slight decrease of weight which 
the animals suffered, especially when the daily growth of 
wool was taken intu account. 

The loss of weight was somewhat greater with the so- 
called “electoral” sheep (Merinos) than with the South- 
downs or the natives. Sheep of the fine-wooled breeds 
are mostly smaller and of a more delicate build than those 
of the coarse-wouled races, and consequently demand a 
somewhat greater amvunt of nutriment for the same live- 
weight than the latter. 

Lhe general result of the researches hitherto made is 
that mature sheep which are kept solely for the produc- 
tion of wool may be kept constantly in good condition by 
rations corresponding to the following feeding-standards : 
ee 

* Landw, Jalrbucher, 1, 533, 
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FEEDING STANDARDS—PER 1,000 Pounps Live-Weraut, per Day. 

: Carbhydrates Total ses 
Protein. and fat. dry matter, Nutritive 

te Lbs. Libs, ratio. 

Coarse-wooled breeds. . 1.2 10.8 20-23 ‘ 

Fine-wooled eo 1.5 12.0 20-23 1:8 

oa 

The daily growth of washed wool amounts to from 0.12 
to 0.20 lb., according to breed and individual peculiarities. 
All the above figures are for 1,000 Ibs. live-weight, exclu- 
sive of the wool (shorn weight), but it is probable that they 
can be applied directly to unsheared animals, without any 
considerable error; at any rate, the failure would be on 
the safe side, and we should have the assurance that the 

calculated quantity of food was abundantly supplied. 
Production of Wool.—Thus far we have not specially 

regarded the growth of the wool in considering the proper 
ration for sheep. The wool, however, may be the princi- 
pal object in view, and demands a more detailed consider- 

ation. 
The feeding has a decided influence upon the production 

of wool, but only within certain limits. Full-grown ani- 
mals do not yield noticeably more wool under the influence 
of a fattening fodder than of one which suffices to keep 
them in good condition without causing any essential in- 
crease of their real weight (exclusive of wool). 

This is shown by experiments made in Weende* on 
Negretti sheep, which, on a maintenance ration, produced 
in the average of seven experiments, 0.141 1b. of wool per 
1,000 lbs. live-weight, per day, equal to 0.273 per cent. of 

Aneel sme ati eae a ceetenecenl 

* Jour. f. Landw., 1858, p. 862; 1860, p. 1; 1861, p. 63. 
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the shorn weight, while as the average of fourteen experi- 
ments with a fattening ration, they produced the same 
quantity of wool, 0.141 Ib. per 1,000 lbs. live-weight, per 
day, or 0.286 per cent. of their shorn weight. 
An equally decided result was yielded by experiments in 

I{ohenheim,* with lambs. A very rich ration, consisting 
of hay and an abundance of oats, caused the live weight to 
increase in the course of nine months from 55.9 lbs. to 

101.8 Ibs. per head, while a ration consisting exclusively 

of meadow hay, at first of excellent and later of average 

quality, caused the weight to increase from 55.0 Ibs. to 

only 79.5 Ibs. The richlyfed animals were, at the close of 

the experiment, well fattened, while those fed with hay 

were simply in good condition, but the quantity of pure 

wool produced in the two cases was almost identical. It 

was noticeable in these trials that the wool of the grain- 

fed animals remained very clean and white in appearance, 

while that of the hay-fed ones had the usual dirty appear- 

ance, and even when washed appeared somewhat gray in 

comparison with the other. 
The following were the quantities of wool obtained per 

head in the two cases: 

center eI eS 

Wool with fab re- 
Foddcr. Unwashe a wool Washt t wool. moved 

° ° Lbs 

Fay. cc een eee een enews 5.92 3 54 2 46 

Hay and Grain ....... 4.79 3 20 2 39 
sagen ene pen tener erin pceh ne eesti rnrererteh 

The quantities of pure wool were as good as identical. 
If, however, the fodder of sheep is insufficient for their 

Te etdinemaa taal aaanemmtaaiae anetnenr ean eran muni nemameeamanee enter Reeth nad ARLE tts ire ARF 

* Landw. Jahrbucher, IT., 221. 
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maintenance in good condition, the case becomes dif- 
ferent. From the numerous experiments in Weende, the 
conclusion could be drawn that, although the growth of 
the wool did not always suffer when the weight of the 
animals decreased somewhat, such a diminution was un- 

avoidable if the decrease passed a certain limit. In one 
such case, for example, the daily production of wool 
amounted to only 0.287 per cent. of the shorn weight 
against 0.292—-0.306 per cent. with better food. 

It was also found that rations which, did not fully suffice 
to maintain the animals unaltered, produced less ill effect 
on the growth of the wool when they were con:paratively 
rich in protein, and that, other things being equal, the 
ration which is the richer in protein is to be preferred. 
The limits within which this is applicable in maintenance 
feeding, have been already indicated. 

On the other hand, there appears to be a limit below 
which a decrease in the fodder does not decrease the growth 
of the wool. 

The most wool seems to be produced when the animals 
are thoroughly well fed, but not fattened. If the daily ra- 
tion be increased beyond what is necessary for this, no 
effect is produced on the growth of wool, but if the ration 
falls much below this minimum, the amount of wool also 

falls, to a certain extent. The growth of the wool, how- 
ever, is not directly dependent on the food, and will con- 
tinue even in the absence of it or when it is small in 
amount, and is only affected by it within the limits just 
mentioned. 

This is well shown by some Hohenheim observations. 
The sheep, at the beginning of the experiments, were in a 
well-fed condition, and were divided into five lots of six 
head each. Two lots (III and IV.) received a rather 
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nitrogenous ration, consisting of hay and beans, in such 

quantity as just to maintain their weight and condi- 

tion. Two other lots (I. and IL) received a less quantity 

of a ration poorer in protein, so that their average weight 

per head decreased in 121 days from 101.4 lbs. to 97 lbs., 

while a fifth lot (V.) received still less of a still poorer fod- 

der, and decreased in average weight per head from 101.1 

Ibs. to 89.3 lbs. Lots I. and II. were fed with straw and 

mangolds, and lot V. with about two-thirds hay and one- 

third oat-straw. 
The amount of wool produced by each lot was the fol- 

lowing: 

Washed wool in 
Lot. Wasne per cent. of shorn 

, weight. 

Live eccce cee ceeee cece eens eee eeeenees 8.5 ; 
25.5 

£0 7.0 

ITI. eee eeveaeee a ee ee ed 9.0 

31.9 
sO 11.0 

i 8.1 27.3 

Lots ITI. and IV., in which the original well-fed condi- 
1ion was preserved, produced the most wool, and jndging 
from the experiments already described, it is probable 
that, had the fodder been increased so as to fatten the 
animals, no greater growth of wool would have taken 
place. 

in lots I. and Il. the poorer fodder had as its effect a 
lessened growth of wool, while in lot V., in which the fod- 

der was still poorer, the growth of wool continued, but at 
the expense of the body, which decreased decidedly in 
weight, 
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To sum up the whole matter, the growth of wool is a 
process which goes on with tolerable uniformity as long as 
the animal lives, and whose rapidity is determined by breed 
and individual peculiarities, and only secondarily and with- 
in rather narrow limits by the food. All that is necessary 
or profitable in the way of feeding is to keep the sheep in 
good condition; if they lose weight seriously, the yield of 
wool suffers to some extent, though the animals suffer more, 
while, on the other hand, fattening is simply an unneces- 
sary use of fodder so long as wool is the sole object, since 
it does not increase the amount of the latter. 

The feeding standards already given may be safely taken 
as a guide, since they appear to be abundantly snificient 
to maintain a good, well-fed condition. It has, however, 
been generally found that when the fodder consists largely 

of roots and straw, more digestible protein is required than 

when it is composed mostly of hay. We have already 

learned that a large part of the “crnde protein” of roots 

is really not protein at all, and we have here, perhaps, an 

indication of the less nutritive value of the non-protein. 



CHAPTER OL 

FATTENING. 

§ 1. Carte, 

Tur fattening of animals has for its object chiefly the 

formation and deposition of fat in the body, and to a far 

less degree an increase in the amount of flesh. According 

to the researches of Lawes and Gilbert, in England (p. 9), 

the amount of fat formed is about ten times that of the 

protein deposited in the body, and more than twice that of 

the fresh flesh. The experiments of Ilenneberg, Kern & 

Fro. 7.--Fat-Cells in Muscle, 
(Settegast ) 

Wattenberg (p. 178) on the fat- 
tening of sheep also showed a 
large formation of fat and a small 
one of flesh. 

In very fat animals the fat is 
not only deposited in the fat-tis- 
sues proper, but is found between 
the fibres of the muscles thein- 
selves, as illustrated by Fig. 7, 
where @ represents the muscular 
fibres, and 6 the fat-cells. The 
tenderness and juiciness, as well 
as the nutritive value of the re- 
sulting meat is thus considerably 
increased. 

The general laws of the formation of flesh and fat have 
already been treated of at considerable length in Part 
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L, but the most important points may be repeated here 
in their application to practical purposes. It will be con- 
venient to take them up In connection with the fattening 
of cattle, though the same general laws are of course ap- 
plicable to all domestic animals. 
Experiments in Weende.—The few experiments on 

the fattening of cattle which have as yet been executed 
were made at the Weende Eaperiment Station in the years 
1859, 1860, and 1865.* In these experiments the digesti- 

bility of the fodder, as well as the gain of flesh, was de- 
termined. The experiments in 1859 and 1860 extended 
over a considerable time, while those in 1865 were of so 
short duration as tu render the results of less value. The 
following table contains the more important results of the 
experiments, calculated per day and 1,000 pounds live- 
weight : 

eset enna eenannmnnbamenettaameminecnebeneimen dona renee oem deaenen eenincentieherie en ciner haeran cemmesenieetaeanmnaameeeen aaanianrauipameaemenianananateeemmiammetmtememmnaameesmmenciadtttnmmediemmeamenanet 

GAIN PER Day. 
Carb- 

Protein | hydiites | Nutritive Length of 
Date. digested. | and fat ratio, ment Live- 

Lbs, digested, 1: Days. echt Flesh, 
Lbs. ys. WON Be 

Lbs, 

1859 (; 1.56 8.50 5.5 564 1.36 0.68 
32) ee a 

1.55 | 12.70 | 8.2 | 45 1.30 | 1.44 

176 | 8.90 | 5.1 17+ | 0.42 | 1.56 

1865 ....06-66- 1.82 | 7.68 | 4.2 19+ | 1.45 | 153 

1.73 | 8.62 | 5.0 | 17+ | 0.21 | 2 22 
— arbitrariness eri AS 

* “ Beitriige zur Futterung der Wiederkiuer,” Heft 2, p. 276, and 

‘ Neue Beitriige,” p. 314. 
+ Exclusive of the preliminary feeding. 

1v* 
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No extended conclusions can be drawn from so few ex- 
periments. The gain of live-weight was comparatively slow 
in all these trials, and the rations were evidently not sufii- 
cient tu cause a rapid fattening. In several cases it will 
be observed that the gain of fresh flesh is greater than the 
increase of live-weight. This may indicate a loss of sonie 
other substance (probably water) from the body, or may be 
due to inaccuracies in the determination of the true live- 
weight. . 

In a general way we may state, as the result of these 

trials, that a slow fattening may be effected by aration con- 
taining per day and 1,000 pounds live-weight 

Digestible protein. 0.0... cue ween woe. 1.5~ 2.0 pounds, 

Digestiuble carbhydrates and fat....... weeee 8.0-13.0 * 

It will be noticed that the quantity of non-nitrogenous 

nutrients does not vary greatly from that needed for main- 

tenance, while the amount of protein is considerably 

greater. We have here another example of a gain of 

flesh and fat produced by the addition of protein to a ra- 

tion poor in that substance. (Compare p. 148 e7 seq.) 

Fat from Carbhydrates.—In case a more rapid fat- 

tening is desired, it is plain that more food must be given ; 

but whether the increase shall consist of protein or of non- 
nitrogenous nutrients, or both, can be determined at present 
only by theoretical considerations. 

Here the question of the formation of fat from carbhy- 
drates comes in. We have seen that many facts seem to 
indicate the possibility of such a formation, and the query 
naturally arises, whether, since the chief object of fatten- 

ing is a formation of fat, an increase of the carbhydrates 
and fat of the fodder will not effect the desired object, 
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more especially since the protein consumption is thereby 
diminished. 

There isno doubt that, with a given amount of protein 
in the ration, the addition of non-nitrogenous nutrients 
will effect a gain of both flesh and fat; but several con- 
siderations forbid the use of tuo large quantities of carbhy- 
drates and fat. 

In the first place, if the fodder contains too large a pro- 
portion of non-nitrogenous matter, the animal will not 
receive enough protein to cause any gain of flesh or to 
supply material for the formation of new fat-cells. 

In the second place, experiments on sheep have shown 
that the fattening of these animals is much more rapid and 
certain on a ration containing a liberal proportion of pro- 
tein, and there is no evident reason why the same thing 
should not be true of cattle. The formation of fat from 
carbhydrates cannot be regarded as proved. Still less 
have we any knowledge of the conditions under which it 
takes place, and consequently we must for the present re- 
gard them as only indirect aids in fattening. 

Feeding Standard.—The considerations just presented 
render it manifest that the feeding standard for fattening 
cattle must vary considerably under different circum- 
stances. 

For slow fattening we might use such aration as that 
given on page 304, viz. : 

Total dry matter.......... eee ace eect taee .. 18-20 pounds. 
Digestible protein ....... ween e ees ene eeeaes 2  * 

ee carbhydrates and fat......... 0506. 13 

Nutritive ratio. .... a veeeee eee ae teen eeee ~1:6.5 

If a more rapid fattening is desired, two ways of attain- 

ing the object present themselves. 
By increasing the non-nitrogenous matters of the above 
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ration to perhaps 16 pounds, it is probable that a saving of 
protein and a somewhat greater gain of fat might be ef- 
fected. Itis to be considered, however, that by making 
the uutritive ratio so wide (1 : 8) we incur the risk of im- 
perfect digestion of the protein. (Compare page 280 ct sey.) 

Probably the nutritive ratio 1: 6.5 is as wide as it is ad- 
visable to use in most cases, and a more rapid fattening 
could then be caused by simply increasing the total quan- 
tity of nutrients per day, leaving the proportions of pro- 
tein and non-nitrogenous matters unchanged, but using, 
if necessary, more concentrated fecding-stuffs In order to 
avoid too bulky a fodder. The quantities of nutrients 
recommended in the following paragraphs and in the table 
of feeding standards in the Appendix are ealeulated for 
rapid fattening. As already stated, they are largely de- 
rived from theoretical considerations, and hence are to be 

taken only as a general guide. 
Preliminary Feeding.—Cattle that are much reduced 

in flesh and fat cannot be at once quiclly fattened. For 
this purpose they must first be brought into a well-nour- 
ished condition. It is impossible to render the animal 
body rich in flesh and fat unless it already contains a cer- 
tain not too small amount of organized and circulatory pro- 
tein, by means of which only it is capable of digesting, 
resorbing, and storing up protein and fat. 

In order to bring abuut such a condition, the cattle may, 
for exainple, be fed for two or three wecks chiefly on ¢lo- 
ver hay, with a moderate addition of grain and oil cake, 
brewers’ grains, malt sprouts, beans, or some similar highly 
nitrogenous bye-fodder, so that the ration contains, per 
1,000 Ibs. live-weight, about 2.5 lbs. of protein and 12.5 
lbs, of non-nitrogenous nutrients, making the nutritive 
ratio quite narrow (1: 5). 
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The effect of such a fodder, as will be gathered from the 
chapter on the formation of flesh, is to increase the stock 
of circulatory protein in the body (and, of cuourse, the rate 
of its decomposition also) without causing any essential 
gain of flesh. A slight deposition of fat might take place 
in the tissues, but, with such a narrow nutritive ratio, most 

of it would probably be oxidized. 
First Period.— After this condition of affairs has been 

well established by the preliminary feeding, the real fat- 
tening begins. 

In the first period the quantity of the non nitrogenous 
nutrients is increased to about 16.25 Ibs., thus considerably 
widening the nutritive ratio (1: 6.5). The effect is that 
the rate of decomposition of the circulatory protein is de- 
creased and a part of the albuminoids of the food, instead 
of being rapidly oxidized, is converted into the stable 
“organized protein.” At the same time, much of the fat 
coming from the decomposition of the protein, as well as 
that contained in the food, is protected from oxidation 

aud deposited in the body. 
Second Period.—After considerable fat has been de- 

posited in the animal (after about a third, perhaps, of the 
period of fattening has passed) it is advisable to gradually 
increase the quantity of protein in the food to about 3.0 Ibs. 
per day, thus narrowing the nutritive ratio again to 1: 5.5. 
By thus increasing the proportion of protein, a more rapid 
fattening may be attained, while the fat already deposited 
in the body will prevent any great increase of the protein 
consumption in the body. (Compare page 133.) 

Fodder of the composition here mdicated is to be re- 
garded as the real fattening fodder, and to be continued 
unaltered for a considerable time. 

Third Period.—In practice it is often customary, to- 
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ward the end of the fattening, to again give the animals a 

fodder somewhat poorer in protein ; for example, repla- 

cing the oil cake or other nitrogenous bye-fodder by grain. 

An essential advantage may be gamed in this way, if the 

fudder is thus increased in palatability, as may often be 

the case, or if the total quantity of digestible nutrients is 

increased. It is likewise possible that a wider nutritive 

ratio toward the close of the fattening may cause more 

protein to be converted into the organized form, but it 

would seem hardly advisable to make the ratio wider than 

1: 6. 
Addition of Oil to Fodder.—Increasing artificially the 

amount of fat in the fodder by the direct addition of pure 

fat,e.g., linseed oil, to the amount of 0.5—1.0 Ib. for oxen, 

and 30—-40 grms. for hogs per day and head, has often 
been found to have a guod effect in increasing the live- 
weight of the animals, more especially when the nutritive 
ratio was narrow. Dy its means, as we have learned, the 
gain both of flesh and fat is favored. Such an addition 
would be in place in the second period of fattening when 
the fodder is most concentrated. 

This practice, however, demands great care and judg- 
ment, and does not seem as yet to have found favor in 
practice; the purer fats occurring in trade are too expen- 
sive, and a favorable result is by no means assured. In- 
deed, it is not seldom the case that injurious consequences 
to the appetite and digestion, especially of the ruminants, 
may result from the use of pure fats or oils, especially if 
the quantity is at all large or the use of it is continued too 
long. 

Notwithstanding this, however, the amount of fatein the 
rations of fattening animals is certainly a point worthy of 
attention, and it should be our endeavor to increase it as 
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much as can safely be done, especially when the nutritive 
ratio is narrow. ‘This can be accumplished without special 
expense by the use of vil cake, cotton-seed cake, palm-nut 
‘ake, or sometimes by the direct use of flaxseed. 
Preparation of Fodder.—In rapid fattening it is espe- 

cially important to induce the animals to eat as large a 
quantity as possible of nutritious and easily-digestible fud- 
der by making the latter as palatable as may be. For 
this purpose the fodder should be properly prepared, and 
a suitable addition of salt aids in securing the same end. 
By thus properly preparing the fodder so as to increase its 
palatability, and consequently the amount eaten, great ad- 
vantages may often be gained, even though, as we have 
seen, neither the digestibility nor the real nutritive value 
of a given quantity are thereby increased. 

Fattening fodder, on account of its concentrated na- 
ture, requires the addition of considerable salt, especially 
when large quantities of potatoes or roots are used. Care 
must be taken, however, not to increase the amount of 

salt beyond what is necessary, since both the salt itself and 
the greater consumption of water which it causes increase 
the destruction of protein and fat in the body (pp. 185 and 
236), and thus occasion a waste of the most costly ingre- 
dient of the fodder and hinder the gain of flesh. 

For the same reason a too watery fodder must be 
avoided, if the best results are to be obtained. The pro- 
portion of water to dry matter of the fodder should not 
exceed four or five to one for cattle, and two or three to 

one for sheep. 
‘ § 2. SHEEr. 

Proportion of Protein — All the experiments on sheep 

hitherto made agree in showing that with these animals 

the rapidity of fattening is chietly dependent on the sup- 
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ply of protein. As already stated in another connection, 

ume! ous experiments on the fattening of sheep have been 

carried out at the various German experiment stations. In 

the following table, by Wolff, already given on page 178, 

fifty-nine of these experiments are divided into four 

groups, according to the amount of digestible protein con- 

tained in the fodder. The average weight of the animals 

was about ninety pounds. 

DIGESTED PER Day AND HEAD, 
AVERAGE. c 

Tere e Drowned 
: sht w 

‘ Nutritive |weght per, Vi* i 

No. of Experiments. Album Non nitro-| moray ratio. day and ow cont. 

nouls enous | nutrients head, weight 
Lbs ‘| nutricnts Libs ; Lbs Give 

. Lbs . 

7 0.220 | 1.648 | 1.868 | 1: 7.49 | 0.111 48.0 

1 0.268 | 1.557 | 1.825 | 1:5.81 | 0.158 51.9 

>) | _..| 0.829 | 1.588 | 1.917 | 1:4.70 | 0.189 53 5 

sh 0.384 | 1.588 | 1.922 | 1: 4.01 | 0.206 54.9 

cemvearancanetnieis CME RIRR ein ee RRA lb RERLTI AiahiRGSLIORMTHeRhI Ariat RRL RREReTrenenT  rmrimatricei mma tere 

These results show plainly the importance of a liberal 

supply of protein in the fodder of fattening sheep. While 

the total amount of nutrients digested was nearly the 

same in alle the groups, those in which the proportion 

of protein was greatest show not only a more rapid gain 

but also a larger proportion of dressed weight to live 

weight. 

Feeding Standard.—As in the case of cattle, it is im- 

possible to give any single standard suited to all cases. 

Any one of the rations of the foregoing table might seive 

as a feeding standard, the fattening being more rapid, and 

at the same time more expensive, the greater the propor- 

tion of protein. 
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Sheep can consume, relatively, somewhat more fodder 
(total dry matter) than cattle, and can also bear more 
concentrated food. We may perhaps put the maximum 
amount of digestible nutrient» at 1s pounds per day and 
1,000 pounds live-weight for the latter, and at about 20—21 

pounds for the former. 
In view of the importance of a due proportion of pro- 

tein in the fattening of sheep, it seems probable that the 
sinallest amount given in the preceding table, viz., 0.22 Ib. 
per day and head, or about 2.5 Ibs. per day and 1,000 Ib:. 
live-weight, is the least quantity with which a good result 
can be secured in most cases. This amount, with 17.5 lbs. 
of non-nitrogenous nutrients, gives 20 lbs. of total dizest- 
ible matters, and a nutritive ratio of 1: 7. 

Such a ration may be considered as approximating to 
the minimum ration for fattening purposes. Dy increasing 
the digestible protein to 4.2 Ibs. and decreasing the non- 
nitrogenous nutrients to 16.8 lbs., we get a ration having a 
nutritive ratio of 1:4, and containing 21 Ibs. of total di- 
gestible matters. This isa very concentrated ration, and 
its narrow nutritive ratio and large amount of protein 
must cause a very considerable protein consumption. An 
increase of the amount of protein beyond this point will 

hardly ever be advisable, since in that case the non-nitro- 

genous nutrients must be decreased still more, not leaving 

enough to protect the protein and fat of the food from un- 

necessary oxidation. 
Between the two limits just indicated, the choice of a 

feeding standard will be determined by the special condi- 

tions of each case. As in the case of cattle, a preliminary 

feeding may often be necessary, and a rather wide nutri- 

tive ratio is to be recommended in the earlier stages of fat- 

tening, which may subsequently be gradually narrowed to 
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such an extent as may prove profitable. Ifthe sheep are 
in a well-fed condition at first, the preliminary feeding 
may be omitted and the first period somewhat shortened, 
the second being correspondingly lengthened. 

Quantity of Water—A good fattening fodder for 
sheep inust not be too watery; hence, large quantities of 
brewer's or distiller’s grains, or even of roots, are of far less 

benefit to these animals than to cattle. On the other hand, 

the use of potatoes allows a more favorable ratio (about 
1:2—83) between water and total dry matter to be obtained. 
The best results are generally reached, however, when 
suitable kinds of grain or its bye-products are used, along 

with good hay. 
Best Age for Fattening.—Sheep can be fattened most 

rapidly at an age of from one and one-half to three years. 
It is true that, with rich fodder, the same quantity of nutri- 
ents will cause as great or even a greater increase of live- 
weight in yearlings as in somewhat older animals, a fact 
which is true of all young animals in rapid growth. Such 
animals, however, are usually not as desirable for the 
butcher, since the flesh remains watery, and the dres-ed 
weight, and especially the quantity of fat, is generally 
small. Only when the Jambs are taken as young as pos- 
sible and fed very highly is it possible to attain, at great ex- 
pense, the same result which may be reached in a far shorter 
time, often less than three months, with older animals. 

The result of fattening is always most favorable, both in 
quality and quantity, with tolerably nature animals. On 
the other hand, if the animals are allowed to become -too 

old and the fattening is begun after they have reached the 
age of perhaps four years, a large deposition of fat, it is 
true, takes place, but the flesh has far less palatability than 
that of younger animals. 
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Effect of Shearing.—It is a noteworthy fact, and one 
which has been confirmed by numerous experiments, that 
fattening sheep after being shorn increase in live-weight 
much more rapidly than immediately befere shearing. It 
has been observed, moreover, in some cases, that while 

before shearing the more nitrogenous ration produced a 
decidedly greater effect than one poorer in protein, the dif- 
ference between the two almost disappeared after shearing, 
so far as the increase in live-weight was affected. 

The more rapid increase in weight after shearing is usu- 
ally explained very simply by the fact that the appetite of 
the animals is thereby almost always increased, so that 
more fodder is eaten. In one experiment in Weende, 
however, the amount of fodder consumed remained the 
same, and yet the gain in weight was greater after than 
before shearing. In this experiment it was observed that 
much less water was drunk after shearing, doubtless in 
consequence of decreased perspiration, a fact which would 
favor and may explain an increased gain (compare pp. 135, 
198, and 234). A similar decrease in the amount of water 
drunk was observed in experiments in Proskau; the gain 
of flesh, however, was not increased, but on the contrary 

the protein consumption in the body increased some five 
per cent., and the gain of flesh decreased correspondingly. 
This, of course, does not exclude the possibility of an in- 
creased gain of fat, but it renders it improbable. The 
digestibility of the fodder was exactly the same before 
and after shearing. 

On the whole, then, we must conclude that the increased 
appetite of the animals resulting from shearing is, so far 
as we can now sce, the chief if not the only cause of the 
more rapid fattening. 
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§ 3. SwInz. 

Quantity of Fodder.—The amount of fodder consume | 

by swine, in comparison with other aninals, is very large. 
When tolerably full-grown swine are fattened, they con- 
sume at first a great quantity of fodder, amounting, pel 
1,000 lbs. live-weight, to upward of 40 Ibs. of dry matter 
per day, and they increase in weight with corresponding 
rapidity. 

As they grow fatter, however, the consumption dimin- 
ishes continually, and finally becomes hardly greater than 
that of fattening cattle or sheep. This fact is shown still 
more strikingly when, as is usually the case, the swine 
receive full fattening fodder as soon as they are weaned, 
and reach in the first year a weight of some 300 Ibs. per 
head. Under these circumstances, when the fodder is a 

suitable one and the animals belong to a breed capable of 
easy fattening, an increase of 100 lbs. in the live-weight 
may be obtained by about 400 lbs. of dry matter in the 
fodder, on the average, or by 800—+400 Ibs. in the first 
months and 400—500 lbs. in the later months—a fact 
which has been exemplified by numerous experiments in 
Weidlitz, Kuschen, Pommritz, Hohenheim, and elsewhere. 
Older animals, however, seem to need more fodder for 
an equal production. As much as 500—600 lbs. of dry 
matter appears to be necessary to produce an increase of 
100 Ibs. in the live-weight of mature swine. 
Feeding Standards.—The fattening of mature swine 

may be, for convenience, divided into three periods, as is 

done in the table of feeding standards in the Appendix; 
but it will be noticed that the nutritive ratio is gradually 
made wider with the advance of the fattening, while the 
total quantity both of dry matter and of real nutricnts is 
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decreased in accordance with the facts stated in the pre- 
vious paragraph. This widening of the nutritive ratio has 
shown itself advantageous, especially toward the end of 
the fattening, in giving the fat a firmer consistency and 
better quality, while the animals are not as liable to disease 
as when they receive more highly nitrogenous fodder. 

The plan commonly pursued with swine is to feed a rich 
fodder from the first and thus carry on growth and fat- 
tening together, and most experiments on the fattening of 
swine have been made in this way. <A consideration of the 
results of these experiments will be found in Chapter VI. 

Mineral Mattcrs.—It contributes essentially to main- 
taining the health of the animals to add daily a small 
quantity (+—4 oz. per head) of lixiviated chalk, or even of 
leached wood-ashes, to the fodder. Such an addition to 

the food of young fattening swine should never be omitted, 
since their fodder is generally poor in lime, though rich in 
phosphoric acid. (Compare Chapter VI.) 

Choice of Fodder.—The quantities of nutrients and 
the nutritive ratio called for by the feeding standards may, 
of course, be supplied by combinations of very various 
feeding-stuffs. It is the part of the practical farmer to 
make the most suitable and profitable choice among these. 
Sut, although this work does not undertake to supply the 

lack of experience, a few points may be mentioned ; as, for 
exainple, that it has been the experience of German inves- 
tivators that barley, maize, and peas (the latter mixed with 
steamed potatoes), have produced excellent results, while 
oats and bran, when fed in large quantities, have been much 
less satisfactory. They have also found that feeding-stuffs 
which of themselves are less suitable for swine, can be 

made to produce better results by a moderate addition of 

sour milk, or even of whey. 
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The bye-products of the manufacture of cheese deserve 
attention for improving the rations of swine, and the easily 
digestible flesh-meal (p. 849) appears to exert an equally 
favorable influence, and is especially to be recommended, 
when obtainable, as an addition to rations poor in protein. 
Fish-serap would probably serve the same purpose equally 
well, and has, moreover, the advantage over flesh-meal 

that it contains a greater proportion of ash ingredients and 
is particularly rich in phosphate of lime. 



COAPTER IV. 

FEEDING WORKING ANIMALS, 

¢1. Intropvuctory. 

In regard to the amounts of the several nutrients needed 
in the fodder of working animals, we have as yet, unfor- 
tunately, scarcely any exact experiments, and can there- 

fure, for the present, form an opinion only from the 
general laws of animal nutrition or on the basis of practi- 
cal experience. 
Working Animals must be well fed.— We know that 

the animal body needs, first of all, a muscular system 
which is developed and inured to work, to render it capa- 
ble of hard and continued labor, and also that the body 

must be tolerably 1ich in both organized and. circulatory 
protein, in order to furnish materials for the processes ex- 
plained in the chapter on the production of work. In 
order to reach and maintain this condition more nutriment 
and a narrower nutritive ratio are necessary than simply 
for the maintenance of resting animals. 
Weed of Protein.—During work, as we have learned, 

no more protein is destroyed than under the same circum- 
stances without work. At the same time, the protein is an 

essential factor in the production of work, and only when 
its amount is rendered sufficiently large by a correspond- 

ingly large supply of it in the food is the body capable of 
continued and severe exertion. 
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Importance of Fat.—While the decomposition of pro- 

tein is essentially regulated by the kind and quantity of 

fuod and the coudition of the body, the oxidation of the 

fat, on the contrary, is increased as a direct conseyuence of 

muscular exertion. 

To prevent the consumption of the body-fat and an 

emaciation of the animals, is the function of the fat and 

carbhydrates—the non-nitrogenous nutrients—of the food 

(sce pp. 187 and 19). Fat, however, is the most concen- 

trated of all these nutrients, and it must, therefore, be of 

advantage to include in the fodder of working animals a 

certain quantity of fat. That this quantity must not be 

too great has been already insisted on. In any case it is 

clear that working animals must receive a larger quantity 

of non-nitrogenous as well as of nitrogenous nutrients than 

is necessary in rest, and must receive more, the greater the 

amount of work which it is desired to obtain trom them 

in a given time. 
g 2. WorkIna OXEN. 

Feeding Standard.—Working oxen can perform a 

small amount of labor with very little more nutriment than 

sutfices for their maintenance at rest, but if they are to 

be even moderately worked, the amount of nutritive mat- 

{er must be largely increased, so as to amount, per 1,000 

Ibs. live-weight, to about 1.6 1b. of digestible protein, and 

at least 12 Ibs. of digestible non-nitrogenous nutrients per 

day; the nutritive ratio is then 1: 7.5. Such a ration 

would correspond to feeding with hay of average quality, 
with the addition of small quantities of a nitrogenous bye- 
fodder, or to a mixture of clover-hay and straw, or it might 
also be prepared chietly from straw and roots, with a suit- 

able nitrogenous bye-fodder. The total organic matter 
nay amount to about 24 Lbs. - 
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If very heavy work is to be done continuously, the quan- 
tity of digestible nutrients should be still further increased, 

the protein to as much as 2.4 Ibs., and the non-nitrogenous 
matter to 14.5 Ibs. (nutritive ratio, 1 : 6). 

Fat not important.—The amount of fat in the rations 
of working oxen scarcely comes into consideration, since 
these animals, although they draw heavy loads, perform their 
work slowly, and hence have less need of concentrated res- 
piratory materials. Moreover, they have capacious stomachis 
in which large quantities of carbhydrates can be contained, 
while the comparative slowness with which the latter move 
through the digestive apparatus permits large quantities of 
them to be digested and resorbed. 

In the ordinary feed of working oxen the fat scarcely 
amounts to 0.8 Ib. per day; in the ration for heavily 
worked animals it may sometimes be advisable to increase 
it somewhat by the use of a bye-fodder which is at the 
same time rich in fat and in protein (such as oil cake or 
cotton-seed cake), so that the total amount of digestible 
fat may reach, perhaps, 0.5 lb. per day. 

2 3. Horsss. 

Fodder determined by Amount of Work.—The food 

of the horse is in general very constant as regards its ma- 
terials, consisting chiefly of oats and hay, with sometimes 
more or less straw, but the relative quantities of these 
ingredients and the total quantity of fodder vary moie 
than with almost any other animal, and are almost wholly 
determined by the amount of work performed. 

Neither the temperament nor the constitution of the 

horse fit it to consume an abundant fodder when not per- 

forming regular work, while, on the other hand, as the 

amount of work demanded increases, the intensity of the 
18 
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feeding must also be increased, until the ration may finally 

come to consist almost wholly of oats. 

The Hohenheim Experiments.—The only experi- 

ments on the feeding of working horses are those recently 

executed at Hohenheim by Wolff and others. These ex- 

periments were made primarily to test the digestibility of 

various feeding-stuffs ; but some information may be gained 

from them as to the amount of nutriment needed by the 

horse. The experiments were all made on the same ani- 

mal, and consequently the results are strictly applicable 
only to this animal, but, at the same time, it is to be an- 

ticipated that the general conclusions drawn from them will 

be confirmed by subsequent investigation. 
Quantity of Fodder.—In these experiments it was 

found that a horse weighing 1,100—1,200 Ibs., when fed 
exclusively on hay, easily ate 22 lbs. per day, but that 274 
Ibs. appeared to be the maximum amount which he could 
consume. These amounts contained respectively 19.4 Ibs. 
and 24.0 Ibs. of dry matter. In later experiments, in 
which grain was fed, the maximum amount of dry matter 
consumed per day was 25 Ibs. 

It would thus appear that 20—25 Ibs. is about the limit 
for the amount of total dry matter in the ration of a horse 
weighing 1,200 Ibs. It will be seen at once that, as was 
to be expected, this quantity is much less than is consumed 
by ruminating animals. This fact was strikingly shown in 
some experiments in which the same hay was fed to sheep 
for comparison. The latter animals consumed, per 1,000 
Ibs. live-weight, 31.25 Ibs. of hav, containing 27.2 lbs. of 
dry matter, and could apparently have eaten more. 

Digestible Nutrients.—The following table* contains 
Pertenece AE Uae, eataeeHemSRLGARA? TRF eyelet phamemrymenite tenement 

* Wolff: Landw. Jahrbucher, VIII, I. Supplement, p. 1138. 
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a summary of the more important Hohenheim experi- 
ments, showing the amount of nutrients digested per day 
and their effect on the live-weight. The amount of work 
performed is given in kilogramme-metres; an ordinary 
day’s work is estimated at about 1,500,000 kilogramme- 

metres. 
Lieut Wore. 

DIGESTED PER Day. 

Work of Tave- Dry in live 

er day. . . fodder . tive | 2 he 
Kilogr- expert weight. per day | Pro- Carbhy- Total | fave * echt 

ment, Lbs, L te Fat. nu . {per day 
metres. Days bs. Mm. | Ths dratcs. irients 1: Lbs 

Lbs. . Lbs. Lb . . 

eit | smn CNNTER | —eaassmimieermertiieerre—ar Femmes emu fame fF arernmmtsiiiteecnrt | sine terraetiurens 

475,000 62 1,078 | 186 1.8 | 04 79 96 | 69; -—10 

475,000 28 1,157 | 24.0 1.8 | 0.4 | 105 127 | 64 0 

600,000 14 1,19? | 18.5 14 { Q1 7.2 87 | 5.6 | —2.0 

emperremireimtins | ae reneemmnttleneren et 

600,000 14 List | 16.7 | 20 | Of 6.7 8.8 | 34 | —3 3 

600,000 56 1,093 | 21.8 3.1 | 0.1 85 12.0 | 3.0 0 

600,000 25 1,034 | 24.% | 40 | O21 | 109 15 0 2.8 | +11 

600,000 30 1,065 | 250 3.38 | C2 | 1238 15 8 3.9 | +10 

600,000 39 1,146 | 249 2.2 | 04 | 184 16 0 6.5 | +21 

metrerrtuntsannenn 

ORDINARY WORK. 

1,108,000 40 | 1,19 | 240 | 18] 04] 108 | 130 | 67 | —1.4 

1,800,000 30 | 1,010 | 21.4 | 30 | 01 | 87 | 18 | 80} —28 

The experiments in which only light work was per- 

formed are tolerably numerous, and agree well with each 

other, although it must be borne in mind that they were 

executed at different times, and that the bodily condition 

of the animal varied considerably. As their general result, 

we may say that a ration containing 12 to 13 lbs. of digest- 

ible nutrients, and having a nutritive ratio of about 1: 6.5, 
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is sufficient for a horse weighing about 1,200 pounds and 
performing only light work. All the experiments in which 
the total quantity of digested matter falls below this amount 
show a loss of weight, while those in which it is exceeded 
show a gain. It would seem, from the fifth experiment, 
that the nutritive ratio may safely be made considerably 
narrower than that given above; but such a change would 
only increase the cost of the feeding without producing an 
essentially better result. 

The few experiments in which the amount of work was 
increased to an ordinary day’s work, or somewhat beyond, 
only show the insufficiency of the above mentioned ration, 
but give us no information as to the amount by which it 
should be increased. It is noticeable that in these experi- 
ments the loss of weight was less on a wide nutritive ratio ; 
at the same time, however, the total amount of digested 
matters was somewhat greater, though that of the protein 
was much. less. 

Feeding Standards.—The following table contains the 
above feeding standard, calculated per 1,000 pounds live- 
weight, and also the standards recommended by Wolff for 
ordinary and for heavy work : 

FEEDING STANDARDS.—HORSRES, 

Per Day and 1.000 Pounds Live-Weight. 

Total DIGESTIBLE. 

dry ce a tae nme npn Nutritive 
matter. ratio, 
Lbs Protein. | Carbhydrates, Tat. 1: 

Lbs. Lbs. Lbs. 

For light work....| 21.0 1.5 9.1 0.3 6.5 

‘ ordinary work.| 22.5 1.8 11.2 0.6 7.0 

“ heavy work,..| 25.5 2.9 13.4 0.8 5.5 
Tol aachbteteheeieseaiat te aa namememmermmne nm olieieilteneneribenitendaiaientneacariaanienmmnanbiannetionnmemnandt munecanetombnamenaaaaennanmananmonerenamtaemmanmmnemmnaaemniaunaimadmteneem ae anmenmanenaamemmemebdeaibneanieemmamnaael 
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The desirability of the more highly nitrogenous diet 
here recommended for heavily worked horses is indicated 
by practical experience. 
Importance of Fat.—What has been said in regard to 

the importance of fat in the food of working animals is 
especially applicable to the horse, and it can hardly be a 
matter of chance that the oat, which is regarded as the 
natural food of the horse, is distinguished from other ce- 
reals by its richness in fat. This fact must be borne in 
mind in attempting to replace the latter, either partially 
er wholly, by other feeding-stuffs. 

Lhe carbhydrates can, it is trne, take the place of fat to 

a certain extent; but it may be questioned whether they 
always suffice, and in any case the fat of the food must 
add to the supply of respiratory materials, and thus be of 
value, especially in severe work. 

Kinds of Feeding-stuffts.—The feed of the horse ordi- 

narily consists, as already said, of hay and oats, though 
various attempts have been made, with more or less suc- 
eess, to replace the latter by other feeding-stuffs. 

Exelusive hay-feeding is still less adapted to horses than 
to ruminants, since, as we have seen, the amount which 

the former can eat is comparatively small, amounting to 
barely 23 pounds per day and 1,000 pounds live-weight, 
and containing 20 pounds of dry matter. ence the ne- 
eessity of adding some concentrated food like oats to the 
hay becomes self-evident, and is rendered even more so 
when we consider that the digestive power of the horse 
for certain ingredients of coarse fodder, notably crude 
fibre, falls below that of ruminants. 



CHAPTER V. 

PRODUCTION OF MILK. 

$1. Tan Mriz-Guanps anp Tuor Functions. 

Milk is not simply a Secretion.—Jn order to an un: 
derstanding of the influence of the fodder upon the 
quantity and quality of the milk, it is Important to gain 
a clear conception of the mode of formation of the 
latter. 

The milk is not simply secreted from the blood, like the 
urine in the kidneys, or the digestive juices in the stomach 
and intestines, but is formed in the milk-glands from the 
cells of the gland itself; it is the liquefied organ. This is 
shown even by the composition of its ash, which, like that 

of all tissues, contains much potash and phosphate of lime, 
while the fluids of the animal body are poor in these sub- 
stances and rich in chloride of sodium; the ash of milk 
contains three to five times as much potash as soda, while 
the ash of blood, on the other hand, contains three to five 

times as much soda as potash. Were the milk simply a 
transudate from the blood, it would have a similar compo- 
sition, and could not serve as the exclusive food of the 
young animal, since it would not contain all the elements 
necessary for growth; but since it is a liquefied organ, it 
is exactly adapted to build up other organs. 

Structure of the Milk-Glands.—The milk-gland is 
composed of numberless small vesicles, like those repre- 
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sented in Fig. 8. 
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Fig. 8 —Lobule of Milk-gland 

They consist of a thin, structureless 
membrane, a, lined with epithelial 
cells, 5. From three to eight of 
these vesicles are grouped together 
and surrounded by connective tissue, 
d, forming a lobule which has a com- 
mon outlet, ¢, for all the vesicles. 
Several of these lobules, again, are 
united into a lobe, also surrounded 

by connective tissue, and having a 
common outlet, which empties ito 
the milk-cistern. 

The udder of the cow consists of a right and left half, 
each composed of numerous lobes surrounded by connec- 
tive tissue. The two halves are separated from each other 
by a partition of connective tissue, and the whole is cov- 
ered with more or less abundant fat-tissue, upon which fol- 
lows the skin. 
Considerable fat 
is also found in 
the interior of 
the organ, and 
its amount may 
sometimes be so 
great that, in 
spite of an enor- 
mously large ud- 
der, there is only 
a small quantity 
of real glandu- 
lar tissue, and 
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Fra 9—(Wilckens } Section of a Cow’s Udder 

the yield of milk is correspondingly scanty. In Fig. 9, a 

represents the mass of lobes; 2 shows several of the outlets 
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of the lobes cut obliquely; d@ is the teat; ¢ the milk- 

cistern, into which all the lobes empty; and 7 the outlet of 

the teat. 
The vesicles above described are covered with a net-work 

of fine blood and lymph vessels, both of which are very 

fully developed in the udder. Each half of the udder has 
usually two, more seldom three, teats. 

Formation of the Milk.—The space in the vesicles of 

the milk-gland contains originally only a small quantity of 

a yellowish mucus, but when conception takes place the 

cells begin to enlarge and to fill with fat-globules. At the 

same time new cells are formed, and the old ones are 
pushed forward and fill the vesicle, and, toward the end of 
pregnancy, even reach the large milk-ducts and the nulk- 
cistern, partly separating from each other in the process. 
When birth takes place the cell-building in the vesicles 
becomes more rapid, and is somewhat altered in character. 
The previous secretions are the first to appear, forming the 
colostrum, which is followed in three or four days by the 
true milk. 

The colostrum is a thick, yellowish fluid, rich in albumin 
and salts, but containing little casein, and characterized by 
the presence of round bodies, which are simply whole cells 
from the interior of the vesicles. The colostrum contains 
also a large number of the milk-globules shortly to be 
described. 

In the production of the trne milk, which soon follows 
the colostrum, a rapid formation of new cells takes place 
in the vesicles, these cells become completely filled with 
fat-globules, and then break up entirely, setting free these 
globules, which float in the fluid which is secreted at the 

same time, and form milk-globules. This process takes 
place much more rapidly than in the case of the colostrum, 
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being wholly completed in the glands, so that the resulting 
milk shows no trace of the process, but appears like a 
homogeneous fluid. 

Composition of Milk.—Under the microscope, milk is 
seen to consist of a fluid, in which are suspended the above 
mentioned milk-globules, which render the fiuid opaque. 
On standing, these milk-globules rise to the surface and 
form the cream, while the liquid portion, more or less free 
from the fat-globules, forms skimmed milk. 

It is in the composition of the fluid portion that milk 
shows most plainly that it is not simply a filtrate from the 
blood. It contains—in the case of the cow, e. g.—from 
two to five per cent. of protein; but while the protein of 
the blood exists as albumin or fibrin, only a very small 
part of the protein of milk consists of albumin, most of it 
existing as caseu (see p. 17), a substance not found else- 
where in the body. A small amount of peptones is also 
found in milk. 

Moreover, milk contains, in addition to the casein, from 
three to five per cent. of a peculiar sugar—inilk-sugar, or 
lactose—which also has never yet been met with elsewhere 
in the organism. These two substances, together with the 
composition of its ash, stamp milk with a peculiar charac- 
ter, and are sufficient of themselves to show that it is not 
a secretion in the common sense of the word. 

The milk-globules have given rise to much discussion. 
They consist essentially of a mixture of several fats, which, 
when separated from the milk or cream by churning, con- 
stitute butter. 

The milk-globules are generally described as surrounded. 
by a membrane consisting of some variety of protein. 
This membrane is not visible under the microscope, but 
several facts have been brought forward as proofs of its 

1t* 
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existence. Many eminent anthorities, however, dissent 
from this view, and interpret the facts differently. The 
point is still an undecided one, and it will therefore suflice 
for our present purpose to have indicated the divergence 
of views upon it. 

Sources of the Ingredients of Milk.—The albumin- 
oids of milk are obviously derived from the albuminoids 
of the food or of the body. The albumin of milk seems 
to be identical with that of the serum of the blood, but 

the casein, as already noted, is not found in the body, but 
is a product of the action of the cells of the milk-gland. 

The fat of the milk appears to be also formed from 
albuminoids. This is shown both by microscopic examin- 
ation and by other facts. By means of the microscope, 
the formation of fat-globules in the epithelial cells of the 
gland may be seen. Moreover, experiments have shown 
that carnivorous aninals, on a purely meat diet, pro- 

duce normal milk, thus proving that milk-fat may be 
formed from albuminoids, and have also shown that the 
greatest quantity of fat is generally produced on a ration 
rich in protein. Experiments on herbivorous animals, to 
which reference has already been made (pp. 174-176), 
have shown no necessity for the assumption of a formation 
of milk-fat from carbhydrates. 

The mzdk-sugar may also be formed from protein or fat, 
as the above-mentioned experiments on carnivorous ani- 
mals show. In the case of herbivorous animals, however, 

it is probable that a part of it at least is derived from the 
carbhydrates of the food. 
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@2. Tam Quantiry or Mime. 

Fodder of Secondary Importance.—Ii is apparent at 
once, from the preceding section, that the quantity and 
quality of milk must be determined in the first place by 
the development of the milk-glands, and it is, indeed, per- 
fectly well known that, with exactly the same fodder, one 
cow will give little and another much milk. 
A poorly developed milk-gland cannot be stimulated to 

great production even by the richest food, and hence, in 
milk production, much depends on the choice of suitable 
animals. It is not, however, the size of the gland alone 
which is to be taken into consideration, but also its quality— 
its capability for rapid cell-building in the vesicles, which, 
as we have seen, is the essential part of the production of 
milk—and its ability to yield the desired quality of milk. 

Such being the case, the food supply can have but a 
secondary importance; at the same time, the production of 
milk, like every other function of the body, demands a 
certain supply of food for its normal performance, and it 
is easy to see that the latter must exert a very considerable 
influence, at least on the quantity of the milk. 

Period of Lactation.— Another factor having an im- 
portant influence on the quantity of milk produced is the 
period of lactation. Im the same animal, and with uni- 
form feeding, the greatest yield of milk is generally ob- 
tained shortly after calving. At that time the milk-gland 
reaches its greatest development, and consequently pro- 

duces the most milk, while subsequently it retrogrades, 
and the flow of milk decreases correspondingly. 

This gradual diminution in the daily yield of milk is to 
a degree independent of the fodder, althongh its rapidity 
can be influenced by the latter. Consequently, it is desir- 
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able, in investigations on milk production, to introduce at 

the end of each series of experiments a period in which 

the fodder is the same as in the first period, in order to be 

able to take account of the extent of this diminution. 

The Supply of Protein.—The formation of milk con- 

sists essentially in a rapid growth of new cells in the milk- 

glands. These cells consist largely of protein, and we 

should therefore expect their formation to be more or less 

dependent on the supply of protein in the food. More- 

over, not only the protein of the milk, but also its fat, and 

perhaps part of its sugar, appear to be formed from albu- 

minoids, and thus a further necessity for an abundant sup- 

ply of these substances arises. 

In fact, all experiments agree in showing that the great- 

est yield of milk is obtained with a fodder rich in protein. 

The size and quality of the milk-gland, it is true, deter- 

mine the maximum amount of milk that can be formed, 

but this maximum can be reached only by means of a lib- 

eral supply of protein. 
Another effect of protein, which shows itself in all ex- 

periments, is to augment the percentage of solid matter in 

the milk—z.¢., to make it less watery. Since, now, the 

amount of real production which takes place, as well as 

the true value of the milk, is measured by the amount of 

solid matter in the latter, it is evident that we must reduce 

the quantities of milk produced in any experiment to a 
uniform water-content before we can properly compare 
them. The basis usually adopted is 88 per cent. -water 
and 12 per cent. solid matter, and from the actual quantity 
of milk produced is calenlated the quantity which would 
have been produced had the amount of solid matter 
present been contained in milk having 88 per cent. of 
water. 
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Experiments by Wolf-—Some experiments by Wolff,* 
in 1868, though imperfect in some particulars, illustrate 
the influence of the protein of the fodder on the quantity 
of the milk. 

In the first and last periods the fodder was the same, 
and from the difference in the yield of milk it was calen- 
lated that the average decrease per day due to the progress 
of lactation was 0.0234 lb. The amount of non-nitroge- 
nous matter In the fodder was practically the same in all the 
periods, only that of the protem being varied. The fol- 
Jowing table shows the amount of ernde protein fed per 
day, the yield of inilk per day, its percentage of dry mat- 
ter, the yield of milk reduced to a uniform water-content 
of 88 per cent., and the amount which would have been 
yielded had the fodder remained the saime as in the first 
and last periods: 

MILK wir 68 PER CENT. 

Crude Yield Dry WATER. 

penoa, | mietem | matt | 
Lbs. Lbs. Per cent. Ponnd. Calenated. 

| 2.52 19.8 11.38 18.8 18.8 

Dee eweeeeecnences 3.18 19.9 11.43 18.9 18.5 

Be ce eseeereseees 3.86 20.0 11.46 19.1 18.3 

be eeeeseveceenes 417 | 197 | 1161 | 189 | 180 — 
5 3.34 18.5 11.71 18.0 17.8 

Goce veer ee cenee 3.73 18.3 wees . 

) A415 18.3 11.50 17.5 17.4 

rr 4,50 18.2 11.88 17.9 17.1 

Dive ccecee eeeeee 2.95 17.1 11.84 16.8 16 8 
arte RL i nngnanitpeIiatnrer ARTA} emt ean, Trent 

*  Hinahrung Landw. Nutzthiere,” p. 563. 
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In general, the percentage of dry matter in the milk 
was increased by the large proportion of protein, while 
the quantity of milk (reduced to a uniform water-content) 
is in every case greater than the calculated amount. 

Lieperiments by G. Kihn.—Very extensive experiments 
upon. the inflnence of the food on the production of milk 
have been made by Gustav Kuhn, at the Modckern Ex- 
periment Station.* The following selection from his 

results will serve to illustrate the influence of a ration rich 
in albuminoids upon the quantity of milk. 

The experiment was made on two cows, and was divided 
into four periods. In the first period each cow received a 
so-called normal fodder, which was poor in protein and 
consisted, per day, of 

16 5 Ibs. of hay. 

33 ‘* barley straw, 

88.5 “* mangolds. 

In the second period this ration was improved by the 
addition of 6.6 lbs. of palm-nut meal, which was replaced 
in the third period by an equal amount of beans. In the 
fourth period each cow received 27.5 Ibs. of hay, and 
in the ease of cow No. I. a fifth period was added, in 
which the fodder consisted of 27.5 Ibs. of hay and 6.6 
Ibs. of palm-nut meal. The digestibility of the fodder 
was not determined in these experiments, but it is evi- 
dent that the highly nitrogenous bye-fudders used must 
have largely increased the proportion of protein in the 
ration. 

The several periods extended over from three to nearly 
seven weeks, during which time the fodder was accurately 
etme 

* Jour. £. Landw., 1874 to 1877. 
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weighed ont, the yield of milk weighed, and almost daily 
analyses of it made, 

The results were in nearly all respects the same with 
each animal, and hence only those obtained with cow No. 
I. are given here. The following table * shows the average 
amount of milk given per day in the several periods (in- 
cluding the preliminary feeding) under the influence of the 
varying fodder: 

omni 

Length | tc Dry Muk with 

Period. ot Fodder, per day. mattcr of ee * period t Lb muk . 
Days. "Per cent, a 

bs, 

1... 35 |‘*‘ Normal fodder.” , 26.36 , 10.93 | 24.02 

Brees. 4? (Same +6.6 lbs. palm-nut meal, 28 25 | 11.72 | 27.59 

B..... 26 “ +6.6 “ beans. 29.89 | 11.83 | 27.76 

4...., 21 (27.5 lbs. bay. 22.86 ; 10.88 | 20 72 

5..... 21 jSame +6.6 lbs. palm-nut meal) 23.54 | 11.17 | 21.91 
od 

In these experiments the natural decrease in the flow of 
milk with advancing lactation is not taken into account, it 
having been found, in previous experiments on the sume 
animal, to be very small. 

The increased yield of milk, under the mfiuence of the 
more nitrogenous fodder of periods 2, 3, and 5, is very 
marked, whether we consider the actual yield of milk or 
reduce it to a uniform water-content. The increase in the 
percentage of dry matter in the milk is equally evident. 

These results show plainly that a liberal supply of pro- 

tein in the food favors an abundant production of milk ; 

* Jour. f. Landw., 1876, p. 190, and 1877, p 334. 

+ Including the preliminary feeding. 
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and this conclusion is confirmed by a large number of other 
investigations. 

Effect of Fodder in Maintaining the Flow of Milk. 

—In the second and third periods of the above series, ex- 

tending together over nearly two and one-half months, it 

was observed that the larger yield of milk caused by the 

richer food showed itself at once, and continued without 

very much alteration till the beginning of the fourth pe- 
riod. Indeed, the yield was somewhat greater during the 
last part of the third period than during the first part of 
the second period. 

This illustrates a fact which has been frequently ob- 
served, viz.: that a rich fodder can render the natural de- 

pression due to the progress of lactation very small, and 
ensure a nearly constant flow of milk for a considerable 
time. Evidently this is no smnall gain, and one which be- 
comes more manifest from day to day. 

In the fourth period, in which the animal was fed on 
hay exclusively, a rapid diminution in the flow of milk 
was observed, evidently due to the poorer fodder. In the 
fifth period the fodder was improved, and rendered about 
equal in quality to that fed in the second and third peri- 
ods. As a result, we have an increased secretion of iilk, 

but neither on the average nor on any single day was 
the quantity nearly as great as before on a similar fod- 
der. 
We thus see that, while a good flow of milk may be 

maintained for a long time by means of a suitable fodder, 
it falls rapidly when the fodder is made poorer, and that 
when it has thus fallen it docs not increase ayain to the 
former amount on a return to the old fodder. In this case 
three weeks of hay feeding sufficed to diminish tlre aver- 
age daily yield of milk by about five pounds. 
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Milk Production with Insufficient Protein.—A fud- 
der somewhat less rich in protein than that usually con- 
sidered necessary will, it is true, if agreeable to the ani- 

mals, often produce a large flow of milk. The energy of 
production is so great in good milk cows that it continues 
for a time unaltered, even when the fodder does not supply 
sufficient materials. The deficiency is then supplied from 
the body of the animal, and the latter loses flesh and fat. 

This may be admissible to a certain extent in the early 
part of lactation, since, as the amount of milk gradually 
decreases, the drafts on the materials of the body cease, 
and the latter, if the fodder be tolerably rich, may regain 
what it previously lost. At the same time the deficiency 
must not be too great, since then, as we have just seen, a 

rapid decrease in the flow of milk takes place, and the 
cows are liable to comé into a condition in which even rich 
feeding will not produce much milk. 

Effect of Fat.—An increase of the fat of a ration seems 
to produce but little effect upon the milk production. The 
only conclusion that can be drawn from the experiments as 
yet made is that it does not increase at all the percentage 
of fat in the milk, but may slightly increase the quantity 
of the milk, probably because the fat protects some of the 
protein of the food from oxidation, and thus, by putting 
more material at the disposal of the milk-glands, causes an 
increased production of ald the ingredients of the milk, 
and not simply of fat. 

For example, in experiments by Wolff,* the addition of 
a pound of fat (at first rape-seed oil, afterward linseed oil) 
per head to a very scanty fodder which had caused a rapid 
decrease in the flow of milk increased the flow only for 

* Loc. cit, p. 506. 
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the first few days. On the average of the whole period of 

feeding almost no gain was obtained, and the percentage 

of fat in the milk actually decreused a little, as did also 

that of the total solid matter. 

In a similar experiment by G. Kitihn, with a compara- 

tively rich fodder, it was found that the addition of a 

pound of rape-seed oil per day and head caused a small 
increase (about one pound per day) in the daily milk pro- 
duction, while the percentage of fat remained unaltered. 

¢3. Tee Quarry or THE MILK. 

By the quality of milk and its products is frequently 
meant those properties, like taste, color, etc., which render 
them more or less agreeable as food. These properties we 

shall not consider here to any estent, because, although of 

importance, and though they are affected bv the feeding, 

the chemical changes which produce them are so slight as 
largely to escape observation, and because their causes are 
not yet well ascertained. 

On the other hand, the changes in the proportions of 
water, casein, albumin, ete., which may take place in the 
milk, are also changes in the quality of the latter, and to 
the quality of the milk in this sense we shall here devote 
most of our attention. 

Individual Peculiarities of Animals.—The quality of 
milk is stilll less dependent on the fodder than the quantity. 
By far the most important factors determining the qual- 

ity are the breed and individual peculiarities of the animal, 
especially as regards the properties of the milk-glands. 
The best and most abundant feeding is incapable of alter- 
ing a “cheese breed ” into a “butter breed,” or wice versa. 
This can be accomplished, if at all, only by continued and 
intelligent breeding with this end in view, and not by a 
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simple alteration of fodder. At the same time the fodder 
can aifect the quality of the milk to some extent. 

Influence of Fodder on Percentage of Dry Matter. 

—As already noted, the percentage of total dry matter in 
milk may be considerably increased by rich feeding. This 
is shown both in Wolff’s and Kuhn’s experiments (pp. £21 
and 423), and has been fully contirmed in many other inves- 
tigations. In Wolff's experiments the addition to the fud- 
der was solely protein. In Kuhn's experiments both protein 
and non-nitrogenous nutrients were added, but since other 
experiments have shown that the addition of non-nitrogen- 
ous nutrients to a ration does not affect essentially either the 
quantity or quality of the milk, we must conclude that in 

this case also it was the additional protezm which caused 
the gain. 

The increase in the proportion of dry matter in the milk 
probably explains the common observation that it is possi- 
ble to increase the yield of butter, e. g., from a given 
amount of milk by means of proper feeding, although, as 
we shall see, the fodder does not usually alter the propor- 
tion of fat in the dry matter of the milk. 

Influence of Fodder on Composition of Dry Matter. 

—In considering the influence of the fodder on the com- 

position of the dry matter of milk there are certain facts 

that must be taken account of. 
It is a well-ascertained fact that the quality of milk, par- 

ticularly its proportion of fat, varies considerably from day 

to day, and even from one milking to another. Moreover, 

such variations are particularly liable to take place after a 

change of fodder. As a consequence, any conclusions 

based on a single or on a few analyses of milk, especially 

if executed shortly after a change of fodder, have abso- 

lutely no value. 
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These changes in the composition of the dry matter of 
the milk, however, mutually compensate each other, and 
the average composition for a long period is found in al- 
most all cases to be unaffected by the fodder. 

For example, in Kuhn’s experiments, already cited, the 
quality of the milk was determined by mean; of a large 
number of analyses. In the following table* is given the 
average composition of the milk obtained in the several 
periods of the experiments described on page 422, both 
from cow No. I. and also from No, I]. The milk, in 
every case, has been reduced to a uniform water-content 
of 88 per cent., thus eliminating the influence of the vary- 
ing percentage of water in the natural milk. 

Cow I. 

reneth of Dry Matter Ming wire 88 Per Cont, Watrr. 

Period. period ne TT OE AREA, RT Ss 

Days. Per cent, Fat, Casein, Albumin. Sugir, 
Per cent, Per cent. Per cent. Per cont. 

Li...... 30 10.93 3.00 2.25 0.25 5.08 

DQ osnvane AT 11.72 o.OL 2.23 0.24 4.76 

5 26 11.83 3.0L 2.0 0.25 5.03 

ee al 10.88 3.46 2.00 0.23 DLT 

7 21 11.17 3.76 2.38 0.24 5.08 

Cow II. 

Li...... 31 10.37 3.44 2.24 0.30 4.98 

QD iveneee 41 10.80 3.44 2.40 0.31 4.69 

Bicveece 27 10.58 8.15 2.47 0.35 5.10 

| 10.50 | 3.80 2 48 031° | 5.16 

* Loc. cit., 1877, pp. 834 and 352, 
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When caleulated to a uniform water-content, the propor- 
tions of the several ingredients uf the milk are practically 
the same, whatever the fodder. The same result has been 
obtained in many other experiments, in which the varia- 
tions of the fodder were very great. The quantity of the 
milk and the percentage of dry matter varied, but the reda- 
tive quantities of the several solid ingredients remained 
very constant. 

One exception to this, however, appears in the above 
experiments. In periods 2 and 5, in which palm-nut meal 
was fed, the milk of Cow I. showed a noticeably increased 

percentage of fat, while that of Cow II. was not affected in 
this way. ‘That this effect was not caused by the greater 
supply of protein is shown by the facts that it was pro- 
duced in only one animal, and that it did not show itself in 
period 8, in which the fodder was even richer in protein 
than in period 2. That it was not due to the fat of the 
palm-nut meal follows from the fact that, in other experi- 
ments, the addition of fat to the fodder has had no such 
effect. 

It would thus appear that the palm-nut meal exerted a 
specific effect on the milk production of this cow. In later 
experiments, the effect on the same animal was confirmed, 
and another cow, of a different breed, was found in which 
the same result was produced. 

These two results are the only ones of the kind yet 
reached, all other experiments having failed to show any 
permagent change in the composition of the dry matter of 
the milk as a result of change of feeding. ‘They are too 
few to justify any general conclusion, but it would be 
highly interesting to follow up the hint thus given, and 
to test various fodders and different animals in this re- 
spect. 
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Influence of Fodder on Quality of Butter.—De- 

sides the well-known effect of certain fodders in imparting 
an undesirable flavor to butter, it is a fact of common enr- 

perience that winter butter is inferior to that made on good 
pasturage. These differences in quality, however, seein to 
be due rather to the presence or absence of minute quan- 
tities of coloring and flavoring matters than to any «ecog- 
nizable change in the chemical composition of the fat. 

Butter-fat consists essentially of a mixture of stearin, 
palmitin, and olein, and it is sometimes stated that when 
an animal is kept on poor fodder, particularly coarse fod- 
der, the proportion of the solid stearin increases, and that 
of the softer palmitin and olein decreases. 

Some recent experiments by Weiske * seem to indicate 
that this is not the case. ‘They, at least, failed to show 

any alteration in the composition or melting-point of the fat 
of goat’s milk as a consequence of poor or guod feeding. 

Other Conditions Influencing Quality of Milk.— 

Various circumstances, largely independent of the indi- 
viduality or the feeding of the animal, affect the quality 
of the milk, especially its percentage of total dry matter. 
The milk of a large milker is generally nore watery than 
that from a cow which produces a less quantity. With 
the same animal the percentage of total dry matter in- 
creases with the time that has elapsed since calving; that 
is, as the quantity gradually decreases, the milk grows 
more concentrated, the relative quantity of casein generally 
increasing somewhat at the same time, and thag of fat 
decreasing. Similarly, as the yield of milk increases from 
one year to another up to a certain age of the animal, the 
percentage of dry matter decreases. 

per LA Im la a a seth i, reenable imi ‘emi ee mahbac OM PHRD pga 

* Jour. f. Landw., 1878, p, 447. 
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Even the milk drawn at different hours of the day from 
the same cow is by no means always of the same quality. 
The longer the time from one milking to another, the more 
watery is the milk; so that if the cows are milked three 
times daily, the morning milk is more watery than the 
noon or evening milk. 

Still more striking are the differences observed in dif- 
ferent portions of milk from the same milking. The 
milk which is first drawn from the udder is always far 
more watery and poorer in fat than the last portions 
drawn. 

These circumstances, of course, must all be taken into 

account, and the possible errors arising from them avoided 
in any experiments upon the effect of feeding on the 
quality of the milk. This can only be done by eatending 
the observations over a considerable time, and making a 
large number of milk analyses. Results based on but a 
small number of analyses, or covering but a short period, 
are to be accepted with great caution. 

¢4. Tas Frepine Stanparp. 

The Nutritive Ratio.—All experiments on milk cows 
agree in showing that an abundance of protein in the 
fodder is an essential condition of the maximum produc- 
tion of milk. This implies a rather narrow nutritive 
ratio, since otherwise the quantity of protein in the amount 
of fodder which could be eaten would be too small. 

It is true that a large supply of protein and a narrow 
nutritive ratio tend to increase the protein consumption in 
the body, and for that reason the nutritive ratio must not 
be made too narrow. At the same time, there is Jess fear 

of this effect with milking animals than with others, be- 
cause much of the protein goes to sustain the activity of 
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the milk-glands, and is not added to the stock of circula- 

tory protein. 

Organic Nutrients.—The following feeding standard, 

based on the numerous feeding experiment» on milk cows 

already made, is the one recommended by Wolff: 

FEEDING STANDARD FOR MiLK Cows —PER Day Ann 1,000 Pounpbs 

LIVe-WhIGUT. 

Digestible protem. ........ wees cece eee eees 25 pounds. 

“6 fat..... ee eees cece cece eae rereees 0.4 ‘ 

‘6 carbhydrates..... ccc see c cere eee eee 12.5 * 

Nutritive ratio... . eee e een rece eeen 1:54 

Total dry matter ......... cence te teteeeees . 24 pounds. 

These quantities correspond to the feed which the ani- 

mals would obtain on good pasturage. If they are fed 

with average hay, it is necessary tu add to it some rather 

nitrogenous and easily digestible feeding stuff, in order to 

bring the ration up to the standard and ensure an abun- 

dant flow of milk. 
The quantity of the non-nitrogenous nutrients may be 

increased beyond the amount given above, if the fodder at 

disposal permit ; but such an increase will hardly be of any 

special advantage in the production of milk, as has been 

shown in experiments by Kuhn and Stohmann. 

Variations from Feeding Standard.—lt is sufficiently 

evident, from the facts concerning milk production already 

presented, and from the considerations advanced in the 

chapter on Feeding Standards, that a feeding standard like 

that just given can have only a general value, and that the 
feeding must be largely influenced by the individuality of 
the animal and by the amount of milk which it is desired 
to produce. 

The maximum amount of milk which a cow can produce 
is determined by the size and quality of her milk-glands, 
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and the richest fodder which can profitably be given is 
that which just suffices to ensure that maximum yield. 

On the other hand, the least amount of fodder which 
can safely be given is that which maintains a moderate 
flow of milk without drawing on the materials of the 
body. 

Between these two limits the choice of fodder will be 
determined largely by financial considerations. When 
fodder is expensive and the price of milk is low, a poorer 
fodder than that called for by Wolff’s standard might be 
in place, such as would result from decreasing the digest- 
ible protein of the ration while leaving the amount of 
digestible carbhydrates about the same. If oil cake were 
used, the change might be effected very simply by decreas- 
ing the quantity of this feeding-stuff. On the other hand, 
when fodder is cheap and the price of milk is high, it might 
be desirable to feed more richly than is indicated by the 
standard. This might be done by increasing the amount of 
digestible protein by the addition of some highly nitroge- 
nous bye-fodder ; but the amount of non-nitrogenous nutri- 
ents should be somewhat increased at the same time, in 

order that the nutritive ratio may not be too narrow. 
In general, a given increase in the protein of the fodder 

produces a less effect on the arnount of milk the nearer we 
approach to the maximum yield possible. Thus, if the 
addition of a pound of oil cake to @ ration causes an in- 
crease of a quart per day in the amount of milk obtained, 
the addition of a second pound will cause a less gain, per- 
haps not more than a pint, while a third pound might cause 
hardly any gain. Moreover, the individuality of the ani- 
mal will have a considerable influence on the return ob- 
tained from an increase of the fodder, and consequently on 

the determination of the most profitable ration. 
19 
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Inorganic Nutrients.—A few words may, perhaps, be 

added in regard to the supply of inorganic nutrients, the 

importance of which has more than once been alluded to. 

In some experiments on goats, made at Proskau, in which 

the fodder contained no lime or phosphoric acid, the quan- 

tity of milk decreased rapidly, and the animals sickened, and 

died on the fifteenth day. It has also been observed that 

animals which receive no inorganic food, but an abund- 

ance of organic nutrients, die more quickly than those 

which receive no food at all. 
As regards the feeding of milk cows, however, the 

matter is of little practical importance, since the ordinary 
fodders contain an abundance of all the necessary ingre- 
dients. 

According to the Weende experiments (p. 376) the daily 
maintenance fodder of full-grown oxen contains approxi- 
mately the following amounts of the more important inor- 
ganic nutrients: 

Phosphoric acid ........ aac ee ones wee eeeaes wees 9.05 Ib 

Lime... 2... eee ec ec ec eseeee beeen een eeeeee eee 0.10 * 

Potash... ..ccecccecceseaeceees etme ee weet eseenns 0.20 ‘* 

Adding to these the amounts contained in an average 
daily yield (say 20 lbs.) of milk, viz. : 

Phosphoric acid.........00- cece seca tees annaes 0.04 1b. 

Lime....... we ceca eee te ene teeeeeeenes venees ,eeee 0.03 
Potash... cc... cece tcc cence eee beet ce cece aeeeee 0.04 ‘¢ 

we get approximately the amount required by milk cows, 
Viz. : 

Phosphoric acid..........eeee ees wcerrecccccrevsee 0,09 Ib, 
Lime Sense een Pere e eon nnanwe ec eae oe ae epee we heen means 0.18 v6 

Potash oi. sscsccccecccenccsseceennes *oeeue even aes 0.24 *F 
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These quantities are more than supplied by any ordinary 
ration, and only in case of almost exclusive feeding with 
straw, chaff, and roots is it, perhaps, advisable to add a 
little lime to the fodder, in the form of lixiviated chalk or 

jime leached ashes. The latter should be sifted before 
using. Potash is always present in more than sufficient 
quantity in all vegetable products. 
Common salt constitutes, of course, an exception to the 

above remarks. The large amount of potash salts in the 
ordinary fodder of milk cows causes an increased excretion 
of soda salts from the body (see p. 24), and calls for a sup- 
ply in the food. Salt also increases the palatability of the 
fodder and stimulates the appetite, a point the importance 
of which has already been alluded to. 



CHAPTER VI. 

FEEDING GROWING ANIMALS. 

21. Guneran Laws or raz Nurrarrion or Youna ANIMALS. 

Twat there are great differences between the nutritive 
processes in mature animals and those taking place in 
young individuals is evident to the most casual observa- 
tion. While in the former case the food consumed is 
nearly all used to keep up the vital processes, and, under 
the most favorable circumstances, only a comparatively 
small fraction of it can be diverted to purposes of prodne- 
tion, in the young animal a large portion of the food eaten 
is directed to productive purposes, viz., the growth of the 
muscles, bones, and other tissues. 

But while these differences have been recognized, they 
have not yet been made the subject of much scientific 
study, and hence much of the necessary groundwork of a 
rational feeding of young animals is still lacking, and we 
are obliged to proceed on uncertain deductions from our 
knowledge of the nutritive processes in mature animals, 
combined with the results of practical experience. 
Among the few accurate experiments on this subject are 

those of Soxhlet, in Vienna, upon the nutrition of young 
calves,* and this section is based essentially on his results. 
| amamanmaen! Sef RRMA tt Sinn PrN we spent grerit mbscnqeneniirtanaithin, — seuttnim shmeh vam 

* Biedermann’s Central-Blatt fur Agr. Chem. Jahrg. VII, 748 and 

887, 
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Amount of Food consumed.—Soxhlet’s experiments 
were made with three young calves from eight to thirty 
days old, fed with milk, of which they were given approsi- 
mately the amounts which they had been found to consume 
in preliminary trials. The following table exhibits the 
amount of the several nutrients consumed by an average 
animal two to three weeks old and weighing 100 pounds, 
aud may be called the feeding-standard, so far as such a 
standard can be deduced from so few experiments. The 
quantities here given are, without doubt, abundant. 

CONSUMPTION PER Day AND 100 ups. LIVE-WEIGHT. 

Lbs. 

Fresh milk..... es eaae De eee e cence tence ee eran esnces 16.20 

Total dry matter ......... ..., cee eee e acca e sence 1.98 

Protein. 2. cee cee ccc cence eee e eens eee eee ee ee 0.49 

Pati cc cece eee ce ete e eee een eee ea cence cece eee e eee es 0.47 

Carbhydrates (milk-sugar).............. once ee ence eee 0.84 

ASD. cc cen cece ee cence cece ou ee cece teen ee eeeres wweee = 0.18 

Nutritive ratio... .. ener bac ee ete et eee esa ete eeeeee 1: 4.0 

The average gain of weight per day was 1.85 pound. 
In regard to the digestibility, it may be said that the 

milk was almost completely digested; only about 2.3 per 
cent. of the dry matter appeared in the excrements, so that 
for our present purposes no deduction need be made on 
this account from the above figures. 

It will be observed, in the first place, that the food pro- 
duced a much greater increase of weight than is the case 
with mature animals, one pound of dry matter of the food 
producing a gain of almost a pound in weight. The cause 
of this we shall consider later. 

The following table gives a comparison of the total nu- 

tritive matters, protein, and nutritive ratio of the above 

ration (calculated on 1,000 pounds live-weight) with the 



438 MANUAL OF OCATTLE-FEEDING. 

corresponding quantities in the food of various other ani- 

mals :* 

stent pre tain Aa nA ARERR Bt 

Total 
nutritive Digestible Nutritive 
matter Pp Lbs . 1atio,. 
Lbs. . 

Oxen at rest... .. cc ce ee wes eeeeee 8.85 0.7 1:12 

Sheep ée ee Pee vnte ee ata w ene seen tet 13.15 1.5 1: 8.0 

Fattening oxen ...... eessesecee} 18.50 3.0 1. 

‘ sheep......... veceees 18.50 3.5 1: 

fa 8.'73 3.0 1:45 
Dog sees ereene eee een weenes UB 15.70 5.1 { : 5.0 

077) 5 ee eeees 19.30 49 1:40 

Both the total quantity of nutritive matter consumed 
by the calf and the amount of protein will be seen to be 
relatively greater than in the case of any of the other herbi- 
vorous animals, while the nutritive ratio is narrower. 

The food of the young calf approaches more nearly in 
its composition that of well-fed carnivorous animals, as 
represented by ration 6 for the dog; and the resemblance 
becomes still more close when we consider the compara- 
tively large amount of fat in the food of the ealf. 

The greater relative consumption of food by young ant- 
mals, as compared with mature ones, is also strikingly 
shown in the experiments on lambs described in § 3 of 
this chapter. 

Sere ithe ary mL enter et er HAUT Akins Ans aetmmatnintnd rt 

* The rations for oxen and sheep are Wolff’s feeding-standards. Of 
the two rations for the dog, @ consists of 500 grms, fresh meat aud 20 

grms. fat—quantities which Voit found sufficient to keep an animal 
weighing about 70 lbs in fair condition—and 0 is a richer ration, con- 
sistiny of 800 grms fresh meat and 350 grms. fat, 
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Production of Flesh.—We have already learned that 
the proportion of the albuminoids of the food which is 
converted into flesh is quite small in full-grown animals, 
while by far the larger proportion of the protein is de- 
composed in the body and excreted in the urine. In the 
young calf, on the contrary, more protein is retained in 
the body than is oxidized and exereted, the result being a 
rapid gain of flesh. The following table shows the rela- 
tion between consumption and gain of protein per day for 
an average animal weighing 100 lbs. : 

ieee eteirsnirenniempenitpnteipteeesyrpnsihi HARE eer rhea tA Ft ht rE se a 

Nitrogen. Equivalent to 
proteim. 

Haten...... cece wees »»--. rounds. . .078 A8$ 

Excreted in dung.......... “ 004 025 

Digested... ......eseeeeeee ‘e 074 463 

ee 2 d 
Juxcreted in urine ...... 020 120 

l ¢ 27 27 
Pounds.. 054. 3 

Retained in body ....... ome ° 38 
% 73 73 

Deen en nn eae eaaamnaniennieimatnitesenetemeianeanienaanieteniaemeniaimenmemeaaeuememmanamiens 

Notwithstanding the large amount of protein eaten and 
the narrow nutritive ratio, both of which circumstances 

tend to increase the protein consumption in the body, the 
young calf excretes a comparatively small quantity of 

nitrogen in the urine. While it eats nearly as much protein 

as a well-fed dog of equal weight, it exeretes about as much 

as the latter animal does in hunger. 
In other words, the sucking animal (in case of the calf 

at least) is able to apply a far larger proportion of the al- 

buniuuoids which it receives in its food to the building up 
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of its body than is the case with mature animals. Com- 

bining this with the relatively larger amount of food 

eaten, we can readily understand the rapid increase in 

weight of young animals. 
Production of Fat.—By means of a respiration appa- 

ratus, the excretion of carbonic acid in these experiments 

was determined. The following table gives the result per 

day for the average animal of 100 Ibs. weight, and also a 

comparison with the amount excreted per 100 lbs. body- 

weight by other animals: 

Calf..... seeees anne been ee eee seen ae en eens . 1.95 Ibs. 

Man. .......00008- we cnc en ences eeeneeeeeeee ~ 138-14 % 
Dog (in hunger)...... becca cece ee cece ene eenes 11 

** (well fed)... 0.0... 20 ee wee e eens eee 1.8 ‘ 

Ox (maintenance fodder)..... cnc c ence cere eee 10 * 

Ox (fattening).......... been ee ene tenecaes ee 1.3 * 

Sheep (maintenance fodder). ............0005 . 17S 

The excretion of carbonic acid is, in general, relatively 
greater in the calf than in mature herbivora, and ap- 
proaches that of the well-fed carnivora. 

The gain of carbon and consequently of fat per day was 
also considerable. 

CARBON PER 100 LBS. LIVE-WEIGIT. 

1 ra 0 (6 Cn wee e teenies .. 0.98 Lbs, 

Excreted ........... bee eeee sta e nee te ce eetnerennee 0.53 ‘ 

Gain... ccc cc eens e*¢ @8 + #@ wee @ en » @ he er eee He ee nen ee (), 45 ee 

Contained in the protein gained....... wiseeeeearee O<.18 

Gained as fat... .. ccc cece eee cee e weer neuen »» 0.27 * 
Corresponding to fat.......... wee cee enes eeceeer. OFS & 
Fat in the food oe pe ee ee ee whm ne ® 0.47 “6 

The amount of fat in the food was sufficient to supply 
all that was gained. 
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Inorganie Nutrients.—In one experiment the con- 
sumption and excretion of the mineral ingredients were 
determined. The results on an animal weighing 151.2 Ibs. 
were the following: 

eter ep aaRS 

Exereted RETAINED, 
Consumed. {| inurmeand | 

Grmip, dung 
Grms. Grms | Per cent. 

ee STaanEk Sonntetanenet ts —_—- 

Total ash............ | 81 84 37 20 44.14 54 30 

Phosphoric acid...... Ro) 84 6 53 18 81 74.23 

Chlorine............. 8 85 8.30 0 55 | § 22 

Lime......... eee e een 19.13 0 38 18 75 98.00 

Magnesia............ 1.80 1.08 0 72 40 00 

Potash. ........0000. 20.70 15.58 4.49 92 37 

Soda... cece cece en eee 5.57 4.16 1 41 20.31 

Tron... cece eee cee eee 0.15 0.10 0.05 33 .83 

The large amounts of lime and phosphoric acid retained 
in the body are specially noteworthy. These substances 
are the chief inorganic ingredients of bone, and their almost 
entire retention, particularly that of the lime, in the above 
experiment, indicates the importance of an abundant snp- 
ply of these ingredients in the food of growing animals. 

Soxhlet remarks that it would seem that the milk of 
our cattle is so poor in lime that it contains barely enough 
to supply the wants of the young animal, and that it may 
be advisable to help out the supply by the addition of 
chalk (carbonate of lime). This would answer the pur- 
pose of supplying material for bone-building as well as the 
more costly phosphate of lime, since, according to the 
above results, a lack of phosphorie acid is not to be feared. 

19* 
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$2. CALVES. 

In the foregoing pages we have endeavored to deduce, 
from experiments on calves, some principles which may 
serve as the groundwork for practical conclusions. The 
data for this are, indeed, scanty, and the whole subject of 
the feeding of young animals needs accurate scientific in- 
vestigation. At the same time, we know enough to enable 
us to deduce some useful hints and indications. 

Before weaning, milk usually forms the chief or only 
fodder. or the first few days after birth it is espe- 
cially important that the calf have the milk of its own 
mother. The so-called colostrum (p. 416) has an essentially 
different composition from the milk produced later, con- 
taining far more dry matter and considerable albumin, 
while the amounts of fat and sngar are relatively less; the 
nutritive ratio is narrower, and the digestibility apparently 
greater. 

These differences nearly disappear in the course of a 
week (sooner in cows yielding much milk than in those 
yielding little), and after this it is a matter of indifference, 
so far as the nutritive effect 1s concerned, whether the calf 
be fed from its own mother or not. 

Nutritive Ratio.—That a milk diet is capable of supply- 
ing material for rapid growth is matter of common expe- 
rience, and is illustrated by the experiments of the preced- 
ing section. The comparatively narrow nutritive ratio of 
good milk does not cause that waste of protein which it 
would in mature animals, and the calf is thus enabled to 
consume relatively large quantities of this most important 
of all nutrients in a small bulk, and thus to supply the 
body with abundance of material for growth. 

It would seem from some experiments, however, that 
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the nutritive ratio may in some cases be advantageously 
made wider, especially if the milk is very rich. In some 
experiments made long ago in Saxony,* three calves, four- 
teen days old, and weighing 117, 130, and 114 Ibs., were 
fed daily as follows: No. 1 with 13.2 lbs. cow’s milk and 
13.2 lbs. whey; No. 2 with 22 Ibs. of skimmed milk; and 
No. 8 with 17.6 Ibs. milk and 3.9 lbs. cream. 

Lhe average consumption and the gain in weight per 
day were as follows: 

CE ee ee ee 

CONSUMED, 
Posnds of 

Nemlve Gain organic 
Ratio per day. | matter 

sopeanie Protein. | Sugar. Fat. 1: Lbs. to 1 Ib 
Lbs. Lbs. Lbs. Lbs, of growth. 

No. 1...) 2.8 0.54 1.29 0.51 4.8 1.88 1.35 

No. 2...) 2.0 0.70 1.02 0.22 2.2 1.14 1.88 

No. 3...; 30 073 1.02 1.22 5.6 3.38 0.97 

erates tne, remnants entire | ether 

It will be seen that the gain in weight was strikingly 
different, according to the fuud used. 

The least gain was made in the second experiment, 

where the nutritive ratio was very narrow. In this case 
there is little doubt that, in spite of the comparatively 
small protein consumption of young animals, a considera- 
ble waste of protein must have taken place, resulting in a 
small gain. 

en 

* Wolff: ‘‘ Landwirthschaftliche Fiitterungslehre,” p. 152. 

+In calculating the nutritive ratio, the fat has been converted into 

its “‘ starch-equivalent” by multiplying it by 2.5. The milk used in 

these experiments was rather rich in nitrogen and poor in fat. With 

more average milk, the nutritive ratio in No. 1 and No. 3 would have 

beea st ll wider. 
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In the third experiment the food was the same as in the 
second, with the addition of a pound of fat per day. This 
addition of fat evidently rendered the protein consumption 
less, while also supplying more material for fat formation, 
and, as a result, a very marked gain was produced. The 
amount of organic matter required to produce a gain of 

one pound was also less in this case than in either of the 
others, and somewhat less than in Soxhlet’s experiments. 
A comparison of the first and second eaperiments 1s es- 

pecially instructive. The total anount of nutritive matters 
consumed in the two cases wag about the same, but the 

wider nutritive ratio of the first experiment caused a 
greater and more economical gain. 

Sugar in Place of Fat.—The first of the above ex- 
periments is particularly interesting as showing that a 
satisfactory gain may be brought about by a ration com- 
paratively poor in protein, but having a rather wide nutri- 
tive ratio, and also that sugar may be advantageously used 
instead of the more costly fat to produce this wider nutri- 
tive ratio. This result is of practical value, because it 

seems to indicate quite clearly that even with pretty young 
calves a portion of the milk, perhaps half, may be replaced 
by whey,* or perhaps that skiinmed milk,t with the addi- 
tion of sugar or starch, may Le used instead of whole 
nuilk. 

It is questionable, however, whether the fat of the milk 
can be wholly replaced by carbhydrates with safety. Fat 

eee 

*In the manufacture of cheese, most of the cusein and fat are re- 

inoved from the milk in the curd, while the whey contains nearly all of 

the milk-sugar, together with a little fat and protein. (See Table of 
Composition of Feeding-stuffs in Appendix.) 
+Skimmed milk has lost chiefly fat, which, on the above plan, would 

be replaced, at least to a certain extent, by starch or sugar, 
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is the most concentrated of all the non-nitrogenous nutri- 
ents, and in the finely divided state in which it exists in 
milk is probably very easily digestible by the young ani- 
mal, In addition to this, the greater palatability of nor- 
mal milk is an important factor in determining the effect 
of feeding, as has already been explained in connection 
with other fodders. Whole milk is the natural fodder of 
young animals, and the one whose composition must be 
initated as closely as possible in all attempts to substitute 
other materials for it, and which, for the first two weeks 
at least, should, if possible, form the only food. 

During the first four to six weeks, an increase of 1 Ib. 
live-weight is obtained, on the average, with about 10 Ibs. of 
milk (1.25 Ib. dry organic matter). At first the quantity 
of milk is a little less, and toward the close a little more. 
Since, however, the composition of milk is variable, the 
amount of fat, especially, varying from 2 to 5 per cent., and 
the nutritive ratio consequently from 1: 3.3 to 1: 5.5, it is 
easy to see why the effect produced by the same quantity 
of milk should vary considerably in different cases. 

Substitutes for Milk.—It is sometimes desirable to 
replace the milk partly or wholly by other feeding-stuffs. 
In doing this, it should be the aim to compound a ration 
approaching milk as closely as possible, not only in com- 
position, but also (and this is quite as important) In prop- 
erties. It should be easily digestible, liquid if possible, 
and should be fed warm. 

This is not the place to enter into a discussion of the 
various substitutes for milk which have been proposed. It 
is our office simply to point out the principle on which 
they should be based, viz., as close an imitation of the 
composition and properties of normal milk as possible. 

The tables of the composition and digestibility of feed- 
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ing-stuffs contained in the Appendix will aid in for ming a 

judgment as to how far these conditions are fulfilled in 

any proposed substitute, while actual trial alone can fix its 

true practical value. 

Weaning.—It is one of the feeder’s chief problems to 

bring about the change from exclusive milk feeding to 

other fodder in such a manner as not only to cause no fall- 

ing off in the condition of the animal, but so that a con- 

stant increase in the live-weight shall take place during, or 

at least immediately after weaning. This can only be 

accomplished by making the change as gradual as possible 

and replacing the milk by substitutes of suitable digesti- 

bility, palatability, and nutritive quality. Crushed and 

boiled flaxseed is at first. very well suited to this purpose. 

Later, oil cake or palm-nut cake, and also oats, barley, 

malt sprouts, etc., can be profitably used, while by feeding 

the finest and tenderest hay the animals are gradually ac- 

customed to coarse fodder. 
When the calves can be early put upon good pasturage 

the weaning will accomplish itself; but where this is not 
the case and they must be stall-fed, more care is demanded. 
At first the same nutritive ratio should be maintained as 
in average milk, or, at most, it may be a little widened to- 
ward the end of the weaning. The fat of the milk, how- 

eyer, may be pretty rapidly replaced by a corresponding 
quantity of easily digestible carbhydrates, without, how- 
ever, making the change too sudden. Jn this way the 
complete weaning of the calves may be accomplished by 
the end of the ninth or tenth week, or even earlier. 

After Weaning.—After weaning it is advisable to con- 
tinue for some time the use of quite concentrated food 
with a nutritive ratio of 1: 5—6. 

Soxhlet’s experiments (p. 489) render it probable that 
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all young and growing animals utilize a larger proportion 
of the protein of their food than mature animals, and only 
Jose this power gradually as they approach maturity. A 
growing animal, then, may economically receive a relative- 

ly large proportion of protein, thus placing at its disposal 
an abundance of material for forming new tissue, while as 
it grows older either the amount must be decreased or 
more non-nitrogenous nutrients must be added to the ra- 
tion in order to protect the protein from waste, 7. ¢., the 
nutritive ratio must be widened. 

Moreover, the stomach of the young animal does not at 
once become capable of accommodating and digesting large 
masses of fudder, and hence its food must at first occupy a 
comparatively small bulk—must contain much nutriment 
ina small volume. It is desirable also that the fodder 
should not be too watery, for much the same reasons as 
those adduced under fattening. 
When the animals have reached the age of six to nine 

months, however, the fodder may be gradually made more 
bulky and less rich in protein and nutritive matters in gen- 
eral, and roots may now be used more freely than before. 

To obtain good milk cows, especially, the rich feeding 
must not be continued too long, as it tends to develop an 
inclination to fattening rather than to milk production. If, 
on the other hand, the animals are to be fattened, it might 

be an advantage to continue a pretty rich feeding. 
In the feeding standards given in the Appendix these 

considerations have been taken into account. It is to be 
remarked, in regard to these standards, that they have 

their basis rather in practical experience than in exact 

scientific investigation, and, like all feeding standards, are 

subject to modification both by the experience of the user 

and the results of further investigation. 
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83. Lamas. 

Quality of Fodder.—Young lambs increase in weight 

relatively more rapidly than calves, and easily suffer from in- 

suflicient food, and hence great care must be observed in feed- 

ing them. This is especially the case as regards the choice 

of the coarse fodder during and immediately after weaning. 

Lambs do best upon good pasturage. If fed in the stall, 

they must receive only the best and tenderest hay. If the 

latter is even slightly too coarse or is unpalatable from any 

cause, such as unfavorable weather during its making, the 

animals will not eat a sufficient quantity, and will be strik- 

ingly retarded in their development. Even hay of aver- 

age quality requires the addition of grain, best of oats, or 

of some other nitrogenous feeding-stuff. 

Fereping ror Marnrenance.—Wolff’s Experiments. 

—Some experiments made by Wolff,* at Hohenheim, on 

the digestibility of fodder by sheep of two different breeds, 

are also of value in fixing a feeding standard for lambs. 

Four lambs of the so-called Wiirttemberg bastard breed, 

about five months old and weighing about fifty pounds per 

head, were used. Similar experiments were attempted on 

Southdown lambs, but were interrupted by sickness of the 

animals. Two of the four lambs were fed with hay ex- 

clusively for nine months. The other two received, in 

addition, grain and oil cake, and fattened quite rapidly, 

while the first two received only maintenance fodder. We 

will take up first the results obtained on the hay-fed lambs, 

omitting, for the present, the question of fattening. 

The experiment was divided into five periods, in each of 

which the composition and digestibility of the hay were 

carefully determined. In each period the animals re- 

* Landw. Jahrbucher, II., 221. 
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ceived as much hay as they would eat, the amount con- 
sumed being, of course, carefully determined. 

In the first and second periods the fodder was a very 
excellent quality of early-ent meadow hay, nearly 70 per 
cent. of the total organic matter of which was digested. 
In the third, fourth, and fifth periods it was rowen, which, 
indeed, was of good quality and was well digested, but which 
was unpalatable to the animals after the better fodder which 
they had received, the consequence being that they ate con- 

siderably less and gained little or nothing in weight. 
The following table shows the average consumption of 

fodder per day and head, the amount of nutrients actually di- 
gested, and the gain in weight, for each of the five periods. 

DIGESTED PER DAY. 
Average Hay Pert Age _ Gain per 

eres | Months. aa Tbs. Protem. Fat. Carbhy -| OB 
Lb. Lb Lb. 

1....| 5-6 | 58.5 | 1.89 | 0.185 | 0.620 | 0912 | 0.241 
2....) 68 | 66.8 | 3.01 | 0.198 | 0623 | 1.191 | 0.152 
3... 8-9 | 72.2 | 1.71 | 0.185 | 0098 | 0.799 oss 
4....| 9-12 | 73.0 | 1.46 | 0101 | 0021 | 0.710 | 0.002 
5 z 12-14 | 76.38 | 189 | 0.123 | 0.081 | 0.888 | 0.100 

re ne ee RO LE ET Ue emir dite ele erent —— remitilormtlekitNarRt ™ 

Effect of Change of Fodder,—In the first and second 
periods the gain was very satisfactory, but with the change 
of fodder at the beginning of the third period the amount 
eaten sank, and the gain per day dropped to nearly a third 
of the previous figure. In the fourth period this was still 

more marked, the fodder being barely sufficient to sustain 

the animals, and only in the fifth period, after four 

months, did the consumption of hay and the gain of weight 

rise again. A more striking example could hardly be given 
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of the need of care in changing from a good to a poorer 
fodder in the case of young animals. 
Feeding Standards.—It is probable that if the animals 

had been able to eat as much of the second fodder as of 
the first, or if some fodder which contained about the same 
amount of nutrients but was more palatable to the ani- 
mals had been used, the gain of weight would have con- 
tinned regularly, decreasing gradually with increasing age. 

On the assumption that the results of the first, second, 
and fifth periods are normal, the feeding standards given 
in the Appendix have been calculated by Wolff. ‘hey are 
intended for animals of medium fineness of wool, and 

which, when full grown, weigh 90 to 100 lbs. Such ani- 
mals, when fed in this way, will, on reaching the above 
weight, be in a well-fed condition and ready either for fat- 
tening or for wool production. 

In the above experiments this result was obtained by 
the use of hay alone, but this course will only succeed 
when the hay is of very superior quality. When this is 
not the case, and a good pasture is not available, an addi- 
tion of grain must be made to the hay ration, in order to 
bring the quantity of nutrients up to the standard. 

It will be noticed that, according to the feeding stand- 
ards deduced above, the quantity of protein required per 
day and head decreases as the age of the animals increases, 
and that the amount of the non-nitrogenons nutrients re- 
mains about the same, notwithstanding that the live-weight 
is continually increasing. 

Young animals, as already stated (p. 488), need a rela- 
tively large amount of total dry matter and of digestible sub- 
stance in their fodder, and gain weight with corresponding 
rapidity, while later, the necessary amount of food decreases 
quite rapidly, as does also the increase of weight. The 
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more rapid gain in weight at first is doubtless caused, in 
part at least, by the power of the young animal to appro- 
priate to the building up of its body a large proportion of 
the very considerable amount of protein contained in its 
fodder. Another circumstance, however, must be taken 
into account, viz., the fact that the flesh of young and 
rapidly growing animals contains a larger percentage of 
water than that of older animals. This fact should always 
be borne in mind in comparing the effects of a ration wpon 
young and old animals simply by the gain of live-weight. 

Weiske’s Experiments.—Some recent experiments by 
Weiske * on the feeding of lambs are of interest in this 
connection. During nine consecutive periods of about one 
and one-quarter months each, covering the time from the 
fourth to the fifteenth month of the animals’ age, the fod- 
der of the animals was carefully weighed out each day, and 
any portions left uneaten were also weighed and deducted. 
At the close of the ninth period came a pause of about nine 
months, after which a tenth experiment was made, the 
animals being then full-grown. 

The fodder consisted at first of hay and peas. As the 
experiments progressed the quantity of the former was 
gradually increased and that of the latter diminished, till 
in the eighth, ninth, and tenth periods the ration was com- 
posed exclusively of hay. In each period the live-weight, 
the digestibility of the fodder, and the excretion of nitro- 
gen in the urine were determined, the investigation of the 
excrements and the weighing extending over eight days. 

That the fodder was abundantly sufficient was shown by 
the regular increase in weight, and also by the fact that the 

animals gained weight faster than similar animals from the 

same herd on good pasturage. 
(nea ae 

* Landw. Jahrbiicher, IX., 205, 
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The experiments were begun with two animals, but, 

owing to various causes, accurate results could in several 

cases be obtained only on one. The numbers in the fol- 

lowing table refer to lamb No. IZ., unless the contrary 1s 

stated. The ages given in the table are only approximate ; 
the live-weight is in each case the average of eight weigh- 

ings made toward the cluse of the period. 

PER HRAD. 
tessa hla ment IO Re rRNA EIRP RR anh RR ERIN iM RNIN ll INARA SND _— 

DigEstrp PER Day. GAIN PrR Day. 

Pero. | aronths wou ot Carbh ie ne. Live 
ev Paging TSS | inate | "| weight, | Pies 

ee _ 

Li... 4-5} 45.0 | 0.17 | 0.03 | 0.74} 4.8 | 0.28 | 0.17 

Q2.....1 5ECE | 56 2*/ 0.18 | 0.04 | 0.92 | 5.7 | 0 87) 0.17 

Bie... Gi-7: | 63.5 | 0.18 | 0.04 | 0.90 | 5.6 | 0.93 | 0.15 

Alves. 72-9 "1.7 | 0.20 | 0.04 | 0.98 | 5.4 | 0 20; 0.18 

Bio... 9-104 | 77.0 | 0.18 | 0.04 | 0.95 | 5.8 | 018) 0.15 

6 ....) 10+-114 | 77.6 | 0.18 | 0.04 | 0.94 | 58 | 0.09 1 0.13 

Tessas | 114-122 | 836 | 0.18 | 0.05 | 0.96 | 6.0 | 0.18 | 6.19 

Bi... | 12}-14 | 80.1 | 0.17 | 0.05 | 0.99 | 6.6 | 0.16 | 0 16 

O*.... 14-15 | 85.8 | 0.16 | 0.04 | 0.98 | 6.8 - 

8.9 0.14 10..... | nA. 126.5 | 0.15 | 0.06 | 1.18 
HOU mete tame ey RN ETN mise teal Seimei Hmm etehitoretile aay he 

These figures agree as closely as can be expected in ex- 
periments of this sort with the results obtained by Wolff, 
and show the correctness of the feeding standards recom- 
mended by him. 

The amount of digestible protein required per day and 
head by lambs is shown by these figures to be essentially 
the same in all the periods, notwithstanding the increase in 

*TLam> No. I. 
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weight, while the quantity of non-nitrogenous nutrients 
increases slightly. In Wolff's experiments, both the pro- 
tein and the non-nitrogenous nutrients decreased In quan- 
tity toward the end of the experiments. As already noted, 
Weiske’s lambs grew faster than others of the same herd, 
and it is not unlikely that slightly less food would have 
given satisfactory results. 

The gain of live-weight diminished as the animals ap- 
proached maturity, while the protein consumption, as well 
as the gain of flesh, per head, was found to be nearly con- 
stant throughout. If, however, the results are calculated 
per 100 pounds live-weight, as in Soxhlet’s experiments on 
calves, we have a somewhat different showing. In the 
following table this has been done. 

Per 100 Pounps LIvE-WEIGHT, 
tage metomnnmn wh emer Sorte ere ee 

AE | Gain ot | gicins | Gain of | nani 
Perlod. | protem. | rat. | OMBAY | purday. | RAPE foray. | PTC of 

Lbs. | Lbs rate Lbs. S| Lbs. | digo 

Lewes 0.38 | 0.07 | 167 | 073 | 0.29 , 0.09 | 93,7 
Qo... 0.33 | 0.07 | 1.66 | 054 | 0.26 | O07 | 21.2 
Bee. 0.28 | 0.06 | 141 | O41 | 028 | 005 | 179 
Acie. 0.28 | 0.06 | 1.86 | O81 | 0.22 | 0.06 | 214 
Bese. 0.24 | 0.05 | 123 | O17 | 0.20 | 0.04 | 16.7 
Go... 0.23 | 006 | 1228 | 018 | O19 | 0.04 | 174 
Tease o22 | 0.05 | 115 | o17 | 017 | 005 | 227 
Bo... 0.20 | 0.05 | 111 | 0.19 | 0.16 | 0.04 | 20.0 
9 oe. 0.19 | 0.06 | 109 |... | ceee | eeee | cees 
10.2.5. 012 | 0.05 | 0.98 | .... | 010 | 0.02 | 16.7 
i et ee anrrercpmincnendaineneeneant nim rer eee enteLSF IPETTTIpmaiui reenter 

We see that as the animals grew older the relative 

amount of food consumed decreased, and that the gain of 
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weight likewise became less rapid. The protein consnimp- 
tion, too, decreased, in consequence of the diminished 
supply of this nutrient, and the gain of protein, though 
varying somewhat from period to period, also showed a de- 
cided decrease. The results regarding the percentage of 
the total digested protein which was retained in the body 
contrast strongly with those obtained by Soxhlet on suck- 
ing calves (p. 439), and show that the protein consumption 
increases quite rapidly in growing animals, and even at a 
comparatively early age becomes much greater than the 
gain of protein by the body. 

_ Lhe respiratory products were not determined in these 

experiments, but from the observed gain of nitrogen, sul- 
phur, and mineral matters, it was calculated that the in- 

crease in weight in the first nine periods (53.9 lbs.*) had 
approximately the following composition : 

ee oe ee genet, ce cen ae ae ae ean ee 

| Lbs, | Lbs. 

Dry protem (exclusive of wool)............4. 8 29 

Flesh “e C6 dae en ee enaveee esos 34 54, 

Pure wool (water-free)..........06. eens . 2 43 wees 

Orude wool ... .....ee. eee aeaee eevee neues wae 5.47 

Fat and water....... bac ee cena renee bene ot 03 seas 

Fat.... ..... sete wees e ce enseees weeee eens wane 8.10 

Mineral matters. ....6.. ccc cee peeve cce ences 6.15 

vs *¢ less those of crude wool,.... eae 5 79 

Total gain... .... ee eens eee e eee eeaes 53 90 58.90 
saamenepenrtnteteeer tit patio nee ee Tee TAR atin utente ge invert ig mma ANE SAAR enn 

* The gain in weight is the difference between the live-weight at the 

beginning of the first and the end of the ninth period, and hence is 

greater than would appear from the table on page 452, which gives only 

the average weight for each period. 
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These figures are interesting as showing the large gain 
of flesh made by the young animuls, while, as we have 
seen, mature animals, even when highly fed, gain chietly 
fat. 

Farrextnc. — Wolff’s Experiments.—in the experi- 
ments by Wolff, partially described on page £48, two of 
the lambs received, in addition to the hay, oats, and oil 

cake, and at the close of the experiment were found to 
be well fattened. The following table shows the total 
amount of fodder (water-free) eaten, the amount of digesti- 
ble nutrients, and the gain in weight, per day and head, for 
the several periods : 

DIGESTED. 

Period. | SSC ATwee” | fodder, es Ratio. (pera ly. 
*|weght.!| Lbs. |Protein.; Fat. drates. 1: Lbs. 

Lbs. Lb. Lb. Lb. 

| rr 5-6) 59.7 | 1.99 | 0.21 | 0.08 | 097!) 5.6 | 0.26 

QD vevsccncese 6 8| 70.7 | 2.02 | 0.24 | 0.08 | 1.02 | 5 1; 0.24 

3 8-9 | 78.9 | 1.91 | 0.21 | 0.10 | 0.92 | 5.6 | 0.07 

A eeeseeeeee| 9-12) 84.8 | 1.82 | 0.19 | 006 | 0.91 | 5.6 | 0.12 

D vse ensecues 12-14; 95.8 | 1.76 | 0.19 | 0 08 | 0.89 | 5.7 | 0.19 

In the last three periods the consumption of fodder fell 
off considerably, especially if we take into account the in- 
creased weight of the animals. ‘The average consumption 
of digestible protein per day and head was 0.21 pound, 
and the nutritive ratio did not vary greatly from 1: 5.6. 
We shall not, therefore, err greatly if we say that a 

ration containing, per day and head, about 0.20 pound of 

digestible protein, and having a nutritive ratio of about 

1: 5.6, and fed constantly from the age of six months on, 
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irrespective of the increase in weight, will, in cight to nine 

months, yield animals weighing in the neighborhood of 

100 lbs., and well fattened. 
Richer Feeding.—By richer feeding a still more rapid 

gain may be obtained. 
In some experiments by Stohmann,* lambs seven to 

eight months old were fed fur five months upon straw, 

potatoes, clover hay, and oil cake. These feeding-stufts 

were combined into four different rations, two (Nos. 2 and 

8) containing, per day and head, on the average, 0.28 Ib. 
of digestible protein, and the other two (Nos. 1 and 4) 
about 0.88 lb. The quantity of non-nitrogenons nutrients 
was such that the nutritive ratio of one ration of each pair 
was wider than that of the other, as shown by the table 

on the opposite page. 
AN the animals gained weight rapidly, but it was ob- 

served that the rations containing the larger amount of 
protein, produced, as was to be expected, the greatest 
effect (compare p. 399 eé seg.), and also that the widcr nu- 
tritive ratios gave better results than the narrower, a thing 
which was also to be expected. The latter fact was espe- 
cially noticeable after the animals were shorn at the end of 
the fourth month. After this, 0.46+ lb. of protein per day, 
with a nutritive ratio of 1: 3.9, not only gave a poorer result 
than about the same quantity with a ratio of 1:4.8, but 
hardly a better than 0.33¢+ lb. of protein with a nutritive 
ratio of 1: 5.8. 

Weert pmerntecnmueeenfihareinon nie Senet ememiliataner requisite an inner HERR ME Regia RREH pth RR eeepc Rate ARNHEIM Let 

* Jour. f, Landw., 1867, p. 183; ‘‘Hrnihrung der Landw. Nutz- 

thiere,” p. 489. 
+ The quantities of protein first given are the average amounts for 

the first four months. The actual quantity was gradually increased 

with the growth of the animals, and hence the average for the last 

month is higher, 
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The following table gives the average amount of digesti- 
ble protein and non-nitrogenous nutrients, the nutritive 
ratio, and the gain in weight, per day and head, both be- 
fore and after shearing. The experiments extended over 
four months before the shearing and one month after. 

BEFORE SHEARING. 

| Lot 1. | Lot 2, | Lot 3. | Lot 4, 

Digestible protein. Lb......... 0.38 0.28 0.28 0.38 

Digestible non-nitrogenous nutri- 
ents, Lbs.......-.eeeeeeeees 1.54 1.56 1.36 1.41 

Nutritive ratio...... haw esaeaes 1:4.1; 1:5.6 | 1:4.9 | 1:3.7 

Gain perday. Lb.............. 0.25 0.21 0.17 0.21 
e cnestene naammrenmamnamindaercrentinesinientnananieahiaiesebaiedbinsddtendimeceanansaaenensinaaannininenmennnmearnimmennine rene nena eeneneneaenenmarunnte enemas mesearieinmeninnmneanmiamieninimaenatninenanennamen renee mernemmennaaneneaniianel 

Digestible protein, Lb......... 0.48 0.35 0.33 0.46 

Digestible non-nitrogenous nutri- 
ents. Lbs......e.ce eee eens 2.04 2.02 1.76 1.80 

Nutritive ratio,.......e.eeeeeee 1:4.8 | 1:5.8] 1:6.3} 1:3.9 

Gain per day. Lb............-. 0.28 0.28 0.23 0.24 

Average live-weight. Lbs...... 95.00 | 92.00 | 8600; 92.00 

Dressed weight in per cent. of live- 
Weight .....e scene cenececees 58 1 57.4 56.2 53.1 

It was, of course, to be expected that, other things being 

equal, the ration furnishing the most protein would give 

the best results. A limit, however, exists in the fact that 

the animals can consume only a certain amount of food, 

and that consequently it is impossible to feed enough non- 

nitrogenous matters to prevent a waste of protein when a 
very large amount of the latter 1s given. 

20 
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According to these results, a ration containing 0.25 to 

0.88 lb. of digestible protein, per day and head, and hav- 

ing a nutritive ratio of about 1:5, will produce in about 

five months the same result as the poorer ration used in 

Woltt’s experiments (p. 455) did in nine. 

To attain such a result, however, care must be exercised 

in the choice of the feeding-stutts, so as to ensure the com- 

plete consumption of the vation. Moreover, the cost of 

such feeding is an important consideration, and the farmer 

will do well to consider whether it would not be cheaper to 

use the poorer ration, or even to defer the real fattening 

until later. (See p. 402.) 

It should be added that these feeding standards, like 

those for maintenance, apply to animals of medium finc- 

ness of wool, weighing, when full grown, 90-100 pounds. 

Fine-wooled animals generally require rather more food 

than coarse-wooled, and heavier animals need more than 

lighter. 

4. Pras. 

Variations in Fodder.—In regard to the feeding of 

pigs to be used for breeding, or which are to be fattened 

after reaching maturity, no exact experiments have been 

made. 

More commonly, however, pigs receive a full fattening 

fodder from the time they are weaned, and the experi- 

ments on the fattening of pigs are quite numerous. These 

experiments have shown that the fodder of the pig may 
vary more in its composition than that of almost any other 
domestic animal, resembling in this respect that of car- 

nivorous animals. It may be made very rich in protein, 

having a nutritive ratio of 1:2, or it may safely be made 

pretty rich in digestible carbhydrates. Adding to this the 
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relatively large amount of fodder consumed by the pig, it 
becomes plain that both the nutritive effect and the cost of 
the feeding may vary greatly, and that consequently the 
feeding standards for pigs must be still more general in 
their nature than those for other animals. 

Nutritive Ratio.—All experiments on pigs agree in 
showing that with young animals a narrow nutritive ratio 
produces the most rapid gain with the least expenditure of 
fodder, while as the animals grow older the best results, 

both as to rapidity of gain and quality of product, are 
generally obtained by using a somewhat wider ratio. 

Of the numerous experiments illustrating this, the fol- 
lowing by Lehmann* may serve as an example. The 
feeding-stuffs used were skimmed milk, peas, oats, barley, 
rye bran, and potatoes. Six animals were divided into 
three lots of twa each: Lot I. received in each period a 
fodder having a nutritive ratio of about 1:4; Lot IT. one 
having a nutritive ratio of about 1:6; and Lot III. one 
having a ratio of 1:8. The following table contains the 
principal results of the experiments: 

Prerrop I.—13 Days (Age: 68-81 Days). 

| Per Day anp Heap. To PRODUCE A GaIN or 100 Pounps. 

Nutr. || 
Dry 

Lot. | Average rato . 
hve | Gain, | matter | “yp || Dey | protein. | Carbby- | pat, 

weight. Lb, fodder, | bs Lbs. Lbs. Lbs. 

Lbs Lbs | 

T...| 46.8 | 0 85 | 2 82 | 3 98 | 301.95 | 59.10 | 21012 | 9.01 

II..| 4461/0 76 | 2 31 | 6 13 | 333 83 | 4495 | 258 72 | 6.81 

Til...) 44 6 | 0.59 | 2.35 8 27 |, 436 59 | =45 10 | 356.40 | 6.71 
erties cesnarinnty reine adeeb seg ere— i Rr erection meeemmnnenauumnenetaiananinonnonemamaradt a a tere ergs 

* Wolff ‘*Ernahrung der Landw. Nutzthiere,” p. 466. 



460 MANUAL OF CATTLE-FEEDING. 

PrerRiop III.*—29 Days (Age: 123-152 Days). 

pearestppreretnattnanein perc ese ttn Ite tL ERNE tA A A ONL A AL 

Per Day AND EIDaD. To Propuce «a Garn oF 100 Pounps. 

Nutr. 
Dry 

Lot. | Average ratio. . 
. matter . Dry : Carbhy- . 

hve- | Gain, | “or | F* || matter. | Pete | Grates, | pt 
Wenn. * fodder, bs. ‘ Lbs. . 

sed area 

T...| 110.9 | 1.31 | 4.44 | 4.18 || 874.55 | 69.63°| 267.40 | 13.64 

I ..| 108.1 | 0.97 | 3.79 | 6.85 |} 431.31 | 56.82 | 332.09 | 10.23 

II..; 90.0 | 0.85 | 3.41 | 7.80 || 439.01 | 44.55 | 857.17 | 7.48 

PerRiop IV.—25 Days (Age: 152-177 Days). 

cmap ee nin penitent stapes "attain 

I...) 143.6 | 1,12 | 4,65 | 3.94 | 465.19 | 90.97 | 3238.29 | 14.08 

IL...) 186.7 | 1.10 | 4.86 (6.12 |, 485.71 | 58.74 | 387.59 | 8.91 

IIT..| 112.0 | 0.77 | 8.11 | 9.09 || 445.28 | 42.24 | 368.28 | 6.27 

Prriop V.—45 Days (Age: 177-222 Days). 
lures ren eA ne ERR. aR ROT He 

I...| 190.6 | 1.41 | 5.82 | 3.64 || 416.24 | 85.91 | 282.26 | 12.87 

TI ..| 189.2 | 1 71 | 5.40 15.78 || 847.27 | 49.28 | 264.66 | 8 36 

IIT. .| 156.5 | 1.54 | 5.07 | 7.04) 862.34 | 43.45 | 286.33 792 
ieneeaenemiaes selemeenmtenianiiannaemenaemniel 

PERIOD VI.—66 Days (Age: 247-313 Days). 

T...| 287.1 | 1.14 | 6.08 4.05. 582.45 | 110.99 | 408.382 | 16.39 

II ..| 292.9 | 1.56 | 5.98 | 6.36 |; 421.19 | 54.89 | 328.90 | 8.03 

TIE..} 241.2 | 1.07 | 4.85 | 8.76 || 498.52 | 49.17 | 409.97 | 8.14 
Heeger telery tittpeteinaSrm ei RmLNAHM Enh URN HON ReRNENRENRRRRNNSNateRtniin ULMRRSLRRITRAY mic OU 

An inspection of the table shows that up to Period IV. 
the fodder having the narrowest nutritive ratio produced 

ererentmnaiatt resi RRR RSet EER ALAR NLA ERNSIReMH rH AER MenALALeT ami me 

* The results of Period II., of 42 days, are omitted because sickness 

among the animals rendered them of doubtful value, 
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the greatest gain and with the least expenditure of fodder. 
It is also noticeable that in nearly every case the animals 
ate more of the fodder in proportion as its nutritive ratio 
was narrower. In Period IV. the ration with a nutritive 
ratio of 1: 6, produced a given gain with the least expendi- 
ture of fodder, although the gain per day was greatest in 
Lot I., owing to the greater amount of fodder eaten. In 
Periods V. and VI. the advantage is decidedly with the 
nutritive ratio 1: 6, both as to the gain made and the ex- 
penditure of fodder. 

Very similar results have been obtained by numerons 
other observers. In all cases a narrow nutritive ratio 
during the first few months of feeding has given the best 
results, while widening the nutritive ratio as the animals 
grow older has almost always been found advantageons. 
Thus Ieiden,* in his extensive feeding experiments on 
pigs, found that while peas and sour milk formed an ex- 
cellent fattening fodder for pigs up to the age of about 
four months, much better results were reached after that 

time by the addition of potatoes to the ration. 
Feeding Standards.—The feeding standards for pigs 

given in the Appendix are deduced by Wolff from the 
results of a large number of feeding trials. The narrow 
nutritive ratio there recommended for young pigs, and its 
gradual widening, are, as we have just séen, in accord with 
the results of experiment; the total quantity of fodder 
eaten is most naturally and simply determined by the 

appetite of the animal. 
Although these highly nitrogenous rations cause the most 

rapid gain in weight, they appear of questionable advisa- 

bility in so far as the animals are rendered more liable to 
nena ee etinainenetinn tits oe 

= ¢+ntersuchungen iiber die zweckmiassigste Erndhrung des Schwei- 

nes,” Hannover, 1879. Heft II., p. 92 et seq. 
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over-feeding and to various diseases than when the fodder 

is poorer in protein. For the sake of greater security it 

may oftentimes be advisable to reduce the amount of 

albuminoids somewhat from that given in the standards, 

and to begin at once with a nutritive ratio of 1:4.5 or 1: 5, 

widening it gradually after the fifth or sisth month till it 
reaches 1 : 6.5. 

Another and very important point to be considered in 
the use of these narrow nutritive ratios is that of cost. 
The table on page 460 shows that although a given increase 
in weight was produced with the least fodder when that 
fodder had a narrow nutritive ratio, the quantity of pro- 
tet required was in every case greater, while that of the 
carbhydrates was correspondingly less. As a general rule 
feeding-stuffs rich in protein, such as are necessary In com- 
pounding a ration having a narrow nutritive ratio, are 
rather costly, while the carbhydrates are comparatively 
cheap. The less cost of a ration having a wide nutritive 
ratio might, then, render its use more economical, in spite 

of the larger amount of it required to produce a given 
increase In weight. All these points, as well as practical 
considerations concerning the most suitable feeding-stuffs, 
inust be taken account of in fixing on the most suitable 
ration for a particular case, and they obviously offer a wide 
tield for the exercise of intelligence and good judgment. 

25. Invornaganic Nourrrents. 

Importance.—Ilitherto we have considered only the 
demands of various animals for the several organic nutri- 
ents. The greater quantity of these renders their impor- 
tance more obvions, but at the same time the mineral 
ingredients of feeding-stuffs are no less essential, as has 
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already been pointed out on pages 20 to 24. This is 
especially the case with growing animals, which have not 
only to replace the loss of these substances which is con- 
tinnally taking place, but also to provide material for new 
growth, both of bone and of the soft parts of the body. 
Supply in the Food.—Although all the mineral in- 

gredients of the body are essentiul, there are five substances 
which, on account of the large quantity of them which is 
required, may be said to be more important than the 
others; these are soda, potash, lime, phosphoric acid, and 
chlorine. 

Of these, sodium (the basis of soda) and chlorine, com- 
bined to form common salt, occupy to a certain eatent an 
exceptional position, as has already been explained, and 
the necessity for a sufficient supply of salt is generally un- 
derstood and acted upon. Potash is contained in sufficient 
quantity, and generally in excess, in all ordinary feeding- 
stuffs. Lime and phosphoric acid, though they exist in 
large quantity in many feeding-stuffs, may sometimes be 
deficient, and these two substances are the principal ones 

which need be considered. 
Of the common fodders, grass and hay, particularly 

clover, are quite rich in lime but comparatively poor in 
phosphoric acid. The same is the case with the straw of 
the legnmes. The straw of the cereals contains rather 
more phosphoric acid than that of the legumes, but still 
has an excess of lime. Roots, being so watery, have rela- 
tively little ash, but contain more phosphoric acid than 

lime. The grains, and indeed all seeds, are rich in phos- 

phoric acid and poor in lime. 
Circumstances under which a Lack may occur.— 

These considerations make it evident that when an animal 

is fed largely or exclusively on coarse fodder, particularly 
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on meadow or clover hay, a lack of phosphoric acid may 

occur, while lime would be plentifully supplied. 

If, on the other hand, much grain, roots, and straw or 

chaff are fed, with little hay, a lack of lime might result. 

It seems not unlikely that this is sometimes the cause of 

the “bone hunger,” which causes cattle to seck out and 

chew bones. 

Calves and lambs are commonly fed on hay and grain, 

and under these circumstances experience has shown that 

a lack of lime or phosphoric acid is not to be feared, since 

these two classes of feeding-stuffs supply each other’s deti- 

ciencies in this respect, grain containing much phosphoric 

acid and little lime, and hay much lime and little phos- 

phoric acid. 

Pigs, on the other hand, are frequently fed almost ex- 

clusively on grain and potatoes, with the addition of sour 

milk or skimmed milk. All these feeding-stuffs conta 

large quantities of phosphoric acid and but little lime (with 

the exception of milk), and experience has shown that the 

addition of a small amount of lime to the feed of pigs, 

either as chalk or carefully sifted leached wood ashes, is 

often of great value and is to be regarded almost as a 

necessity. 

How Supplied.—Very few experiments have been made 

on the amount of inorganic nutrients demanded either by 

young or mature animals, although it has been fully proved 

that a lack of them may be a cause of backwardness in 

growth, or even be fatal. Experience shows, however, 

that such cases are rare, and it is only when the fodder 

consists largely of materials known to be poor in lime or 

phosphoric acid that their occurrence is to be apprehended. 

Under such circumstances a lack of lime is easily sup- 

plied by a “lick stone” of chalk or soft limestone, or by 
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the addition of chalk or leached ashes to the fodder. When 
a lack of phosphoric acid is suspected, the use of bone meal 
is commonly recommended. The bone should be ground 
exceedingly fine, and even then the danger that it may con- 
tain diseased bone is not excluded, though the latter would 
probably be reduced by the use of bone from which glue 
has been made, and which has consequently been cooked. 
A safer material than bone meal is chemically prepared 

precipitated phosphate of lime, when obtainable. 
Better than either of these methods, however, is the use 

of fodder containing more phosphoric acid. This may 
easily be brought about by the use of some bye-fodder 
which is rich in this substance, such as fish scrap or dried 
blood, oil cake, or the bye-products of the grains. 

20* 



CHAPTER VIL 

THE CALCULATION OF RATIONS. 

In the foregoing chapters we have been chiefly occupied 
with a consideration of the quantities of digestible nutri- 
ents which are required in the food of farm animals for 
various purposes, and have only incidentally touched on the 
question of how these are to be supplied. In this chapter 
we shall consider the manner of compounding a ration 
which shall contain the quantities of digestible nutrients 
called for by a feeding standard. 
When animals are pastured, or when they receive but a 

single kind of fodder, as good hay, for example, there is 
evidently no occasion for the use of a feeding standard; 
but when, as is usually the case in stall-feeding, the avail- 
able coarse fodder is deficient in protein and must be sup- 
plemented by bye-fodder, a feeding standard can afford 
valuable aid in determining the proper proportions of the 
various feeding-stufts. 

As an example, we will take the feeding of milk cows 
according to Wolff's feeding standard, viz. : 

Digestible protein.. ......... «. etc eee er «+. 2.5 pounds. 
ne 2 se eaes wesecececseree O4 
te carbhydrates...... wevecesecveneeee 12.6 ‘5 

Total dry matter........... ence eceeeeae eoare 24,0 = * 

Nutritive ratio... 0. .e secs nccocescnscvecve LED 
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Suppose that there is available for the daily fodder of 
the cows, per 1,000 Ibs. live-weight, twelve pounds of hay, 
six pounds of oat straw, and twenty pounds of mangolds, 
and that brewers’ grains can be had cheaply. Plainly what 
we have to do is, first, to ascertain how much digestible 
matter the available amounts of coarse fodder and roots 
will furnish, and second, to caleulate how much must be 

added to this ration to bring it wp to the feeding standard. 
We first need to know the percentages of digestible 

protein, carbhydrates, and fat contained in each of the 
feeding-stuffs, and for this purpose we must avail our- 
selves of the results obtained by others, since it is ubvious- 
ly impracticable to make direct digestion experiments. 
For this purpose we make use of tables of the composition 
and digestibility of feeding-stuffs, like those given in the 
Appendix, in which the results of all available analyses 
and digestion experiments are condensed. 

The tables given in the Appendix are essentially those of 
Julius Kuhn; they show both the average composition and 
digestibility of the common feeding-stuffs and also the ob- 
served range of variation in these respects. Wolff, in his 
table, gives directly the average percentage of digestible 
nutrients contained in each fodder, thus facilitating the cal- 
culation of rations. This convenience, however, is attained 

only by assuming a uniform composition and digestibility 

for each feeding-stuff, assumptions which, as we have seen, 

and as Kiihn’s tables show, are far from being true, particu- 

larly as regards coarse fodder. Moreover, comparatively few 

fecding-stuffs have been tested as to their digestibility, that 

of the others being only estimated. Under these circum- 

stances the most rational method is to endeavor to form an 

estimate in each particular case of the amount of digestible 

matter likely to be present in the fodder. This method, 
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{hough Jess simple than merely taking the average per- 

centages of digestible ingredients from a table, Is likely to 

give results corresponding more closely to the truth, when 

intelligently carricd out, and has also the advantage of 

keeping prominently before the mind the approxiuate 

character of the calculation. 
Two facts will serve to aid us in forming a judgment as 

to the amounts of digestible nutrients which a given fodder 

will furnish: first, the digestibility of a feeding-stuff de- 

pénds largely on its chemical composition, and second, the 

composition of coarse fodder is quite variable, while that 

of the concentrated fodders is more constant. 
Our first step, then, in the case supposed, is to form an 

estimate of the composition of the hay, straw, and roots 
which are to form the basis of the ration. By far the most 
satisfactory method of doing this is by the help of a partial 

analysis, and such analyses of feeding-stufts might appro- 
priately be undertaken by the Experiment Stations now 
beginning to be established in our midst. In the case of 
a coarse fodder, like hay or straw, determinations of water, 
protein, and ernde fibre should be made; in concentrated 

fodders water and protein, and in some cases fat, should be 
determined. For the ash and fat of coarse fodders and the 
ash and crude fibre of concentrated fodders the average 
numbers may safely be taken, while subtracting the sum. 
of the protein, crude fibre, fat, and ash from 100 will give 
the approsimate amount of nitrogen-free extract. In this 
way the composition of the feeding-stuffs in question may 
be determined with sufficient accuracy for the purpose. 
When it is not practicable to procure an analysis of the 

feeding-stuffs to be used, their composition must be esti- 
mated as well as may be by the aid of the table in the Ap- 
pendix. This table shows the extremes of composition 
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yet observed, and also gives the probable average composi- 
tion. In using the table, it is to be remembered that in 
many cases the extreme numbers represent the composi- 
tion of exceptional samples, and that the ordinary range 
of composition of the material under consideration may be 
considerably less than appears from the table. It is sel- 
dom that ordinarily good fodders will reach either the 
maximum or minimum of any ingredient, and the judg- 
mecit of the feeder will be exercised in determining how 
ereat a variation from the average is to be expected in 
the particular case under consideration. To this end he 
will take into account the richness of the soil on which 
the fodder was grown, its stage of growth, and, in short, 
all those influences mentioned in Part IL, Chapters II. 
and IIJ., as affecting the composition of coarse fodder in 
particular. Under meadow hay and clover hay, in the 
table, Wolff's classification of these feeding-stuffs has been 
introduced. The “inferior” hay corresponds to that cut 
at an advanced stage of growth, or damaged by rain, or to 
the rank hay of low and shady places, and is characterized 
by a large percentage of crude fibre and a small percent- 
age of protein. The better qualities of meadow and clo- 
ver hay are those obtained by early cutting from a rich 
soil and careful cnring without loss. The figures given 
by Wolff for the protein of these classes of hay are consid- 
erably higher than those that have been found for American 
hay of apparently equal quality and containing no more 
erude fibre. This fact must, of course, be borne in mind in 

using Wolff’s figures. 
In the case which we have selected for an example, we 

will suppose that by one or the other of the above meth- 

ods we have found the composition of our feeding-stuffs to 

be approximately the following : 



A470 MANUAL OF CATTLE-FEEDING. 

eee sekete on tirenmmerrmtermpeetts te ~ Lette Amen 

ry epent? 

Hay. Oat straw. Mangolds, eens 
Per cent. Per cent. Per cent. Per cent. 

Water. .....e..0ee cevese 14 14 88 17 

Protein, ....e..0e e eeee 9 4, 1 5 

Fat ee ae ete *e @©e ep ®@& Oe eee af 2 1 ee 1 

Nitrogen-free extract.... 43 33 9 11 

Crude fibre... 2.2.05 000. 26 44. 1 dD 

ASD . Sec cece cca vewsens 6 4. 1 1 

100 100 100 109 
ene esi Rt ARR Laren NEN TERARERRITE eter “ninth MyIRULINAY oR MA YAN OR eNO 

We have now to estimate the percentage of each of 

the ingredients of these feeding-stuffs which is digestible. 
The mangolds, like all routs and tubers, we may assume 
to be wholly digestible. For concentrated fudders we may 
in most cases assume the average digestion coefficients, 
both because the digestibility of these fodders varies less 
than that of coarse fodder, and because fewer experiments 
have been made on them. On brewers’ grains there have 
been no experiments, but our table gives estimates of their 
digestibility, and these we accept provisionally in the absence 
of anything more exact. 

Of the non-nitrogenous ingredients of the coarse fodder, 
the fat is present in so small quantity that the assumption 
of average digestibility can introduce no serious error, 
while, as we have seen (p. 250), the nitrogen-free extract 
of a coarse fodder represents approximately the total quan- 
tity of digestible carbhydrates which it contains. This 
fact, thongh only true in a general way, probably forms as 
accurate a basis for computations of digestibility as is fur- 
nished by the use of digestion cucficients, especially if av- 
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count be taken of the fact that the total digestible carbhy- 
drates are likely to exceed the nitrogen-free extract in 
coarse fodder which is rich in protein, and to fall short of 
it in feeding-stutfs having a low percentage of protein. 

There remains to be considered only the protein of the 
coarse fodder, and just this substance shows the greatest 
variations of digestibility. In general it is most digestible 
in those feeding-stuffs which contain most protein and least 
crude fibre, that is, in young and tender fodder, while in 
that which is old and woody or of coarse texture it is 
generally less digestible. 

In the case above supposed both the hay and straw are 
of nearly average composition, and we therefore assume 
average digestion coefficients for their protein, viz., 57 fur 
that of the hay and 38 for that of the straw. 
A siinple computation now shows us that 100 pounds of 

each of our four feeding-stuffs will furnish the following 
amounts of digestible nutrients: 

B + 

Bey Oats straw, Mangolds. grains. 

Proteim ... ccc cc csenees 5.18 3,51 1 4.25 

Carbhydrates,.......... 43 .00 33.00 10 16.00 

Pat... .cccceees ea teeeee 0.92 0.30 oe 0.80 

From these data we can easily calculate that the quanti- 
ties of hay, straw, and mangolds which we have assumed 
to be available per day and 1,000 Ibs. live-weight, together 
with twenty pounds of brewers’ grains, will furnish the 

cows with the following quantities of digestible protein, 

carbhydrates, and fat : 
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DIGESTIBLE. 

Total ay i-—-- 
substance, Carbhy- 

. Alb a Fat. Los” [atoumsnods | Grate | Beh 

12 Ibs. hay.......eeeee 10 32 0.62 5.16 0.11 

6 lbs. oat straw......... 5.16 0.09 1 98 0.02 

20 lbs. mangolds........ 2.40 0,20 2.00 wee 

20 lbs. brewers’ grains ..| 4.60 0.85 3 20 0.16 

Total... .ccccescees 22.48 1.76 12.34 0.29 

This ration falls short of the standard by about three-quar- 
ters of a pound of digestible protein. This must evidently 
be supplied by some nitrogenous bye-fodder, such as oil 
cake, fish, ete. Taking cotton-seed meal as an illustration, 
we find that the addition of two and one-half pounds of 
this feeding-stuff to the above ration, supposing the meal 
to have the average composition of the American article, 
and to be of average digestibility, will bring it up to the 
desired standard. 

DIGESTIBLE. 

Total dry 

= Lbs. Albuminoids Carbby- Fat, 
‘ Lbs. Lbs. Lb. 

Total as above .....-.-. 29.48 1.76 12 84 0.29 

2 5 lbs cotton-seed meal. 1.96 0.79 0.42 0.13 

Total.......es- wees| 24,44 2 55 12 76 0.42 

Standard,.... ee esee 24 00 2.50 12 50 0.40 
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An exact correspondence with the standard need not be 
sought, and, indeed, it is evident from the foregoing para- 
graphs that such a correspondence, if attained, would be 
more apparent than real. The amount of non-nitrogenous 
nutrients may vary more than that of the protein, and the 
exact quantity of fat, in particular, is a matter of no special 

importance, provided too much is not fed. As a general 
rule, it is advisable to give too much rather than too little 
protein, both to ensure a sufficient supply of this important 
nutrient and for the reasons stated on pp. 280-288. 

In practice, of course, regard must be had to individual 
peculiarities of the aniinals, as well as to differences in 
weight. The most satisfactory plan would probably be to 
weigh out each day a sufficient supply for all the cattle 
which receive the ration, and to distribute this amount 
among the animals according to their requirements. Asa 
matter of course the animals must be carefully observed, 
and their supply of food modified according to the indica- 
tions thus obtained. The feeding standards, as already 
said, are not inflexible rules, to be blindly followed, but 
guides and indications which must be intelligently adapted 
to local and individual circumstances. 

The example given above serves to illustrate the manner 
of calculating rations in accordance with a feeding standard. 
The chief points there given may be summed up in, the 
following 

RULES FOR THE CALCULATION OF RATIONS. 

1. The composition of the fodders used is either ascer- 
tained by analysis or estimated from the table of the com- 
position of feeding-stutts. 

9. Tubers and roots are considered to be wholly di- 

gestible. 
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3. For the concentrated fodders, the average digestion 

co-efficients are employed in most cases. 
4. The digestible carbhydrates of the coarse fodders are 

considered to be equal to the total nitrogen-free extract. 

5. The digestibility of the protein of the coarse fodder 

is estimated from the composition of the latter, it being 

the greater the less crude fibre and the more protein the 
feeding-stuff contains. 

6. By multiplying the percentage of each ingredient of 
the fodders by its digestion coefficient, the percentage of 
digestible matters in each feeding-stuff is obtained, the 
digestible nitrogen-free extract and digestible crude fibre 
being added together as carbhydrates. 

%. From the data thus obtained we calculate, first, the 

quantities of digestible protein, carbhydrates, and fat in 
the amounts of fodder available, and second, what addi- 

tion of bye-fodder must be made to them to bring the 
ration up to the feeding standard. 

8. If the dry matter of the tubers or roots entering into 
the ration does not exceed one-eighth that of the dry 
matter of the remaining fodder no deduction is made from 
the above figures. If, however, the dry matter of the 
roots or tubers exceeds this proportion, a deduction niust 
be made from the amount of digestible protein of the 
ration as calculated, in the proportions indicated on page 
285. 

These corrections may be considered sufficient when the 
coarse fodder consists chiefly of hay, and ample when the 
addition consists chiefly of roots and not of potatoes. On 
the contrary they are hardly sufficient when the ration 
contains much straw and potatoes. The depression of the 
digestibility, however, is decidedly diminished when the 
nutritive ratio of the whole ration, and especially that of 
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the bye fodder, is a narrow, or at least medinm one 
(1:5 to 6). 

9. If it is desired to test the correspondence of the 
calculated amount of digestible protein with that really 
present, the latter may also be calculated by Stohmann’s 
formula, page 256. 





APPHNDIX. 

Or the tables contained in the Appendix, I. and II. are 
essentially those of Julius Kuhn (Menizel & v. Lengerle’s 
Landw. Kulender, 1880), and IIT. and IV. are from Wolff. 

As regards numerical accuracy, there is little difference 
between Kuhn’s tables and Wolff's, the averages of the 
former being mostly identical with those of the latter. As 
will be seen, Kuhn’s contain, in addition to the average 
composition and digestibility, the range of variation hither- 
to observed in these respects, and thus afford a better means 
of estimating the composition of particular feeding-stuffs. 
(Compare page 467, and also the remarks in the preface.) 

In Table I. Wolff's ‘classification of meadow hay and 
clover hay has been introduced, and averages of all availa- 
ble analyses of American feeding-stuffs have been given. 
For the latter the author is indebted to the valuable com- 
pilation of Dr. E. Il. Jenkins, published in the “ Report 
of the Connecticut Agricultural Experiment Station ” for 
1879. In Table IT. Wolff's classification of hay has also 
been introduced, and likewise the results recently obtained 
by Wolff in experiments on the horse (Landw. Jahrbtich- 
er, VII., Supplement I.). In regard to the manner of 
using the tables, compare Chapter VII., of Part II. 

In all the tables “ protein” signifies nitrogen x 6.25; 
that is, it includes gelatin, amides, and all other forms of 
non-protein. 
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TABLE JII.—FEEDING STANDARDS. 

A.—PrEr Day AND Per 1,000 Las. Live-wrieur. 

camera sear ner AIDES AR tt EA ER CCR LP AT EE ET TT CT A 

1. Oxen at rest in stall....... an 
2. Wool sheep, coarser breeds. .. 

‘s ‘s "finer breeds..... 
8. Oxen moderately worked.... 

‘* heavily worked........ 
4. Horses moderately wo1ked... 

‘*  héavily worked...... 
2: Milk COWS... .000 cececereerees 

. Fattening oxen, Ist period... 
ee a 9d 46 eee 

vé 64 8a 4s eee 

Fattening sheep, ist period. . 

. Fattening swine, Ist period.. 
be ot ” be 

tw 

bh 1) 3d bs 

. Growing cattle: 
Age, Average live-weight, 

months, per head 
dat} 150 Ibs.*...... 
8-6 .... BOO “S ...... 
6-12 500 “So... 

12-18 .... 700 “ ...... 
18-24 .... 850 * ...... 

10. Growing sLeep : 
Be  .... S56 )bs.¥.,.... 
6-8 +) ar 
8-11 TH cae 

11-15 6... 88 “ou... 
15-20 .... 85 “Sw... 

11. Growing fat pigs: 
2-8... PRO lbs.*.....- 
8-5 own. 100 SLL... 
5-6 125 ae 
6-8 .... 170 “ ..... ‘ 
8-12 O50 “den. 

Total organic sub- 

stance 

¢ 

rw 

OooRD Oo ti 2 

FPR ESS 
i2w 

Nutritive (D1mGEsTI- 
BLE) SUBSTANCES. 

Albuminoids. 

Lbs. 

CoOL OCIS ISTO DOES 

IOS Ro scowramMe aww Ow OT 

TST Pero Picts Ub WO He age 3 0 Ge Sew 

g 
é 
& 

wind 

FA a 
OD pry 

Lba, Lbs. 
0 0.15 

10.3 0.20 

11.4 0.25 
tie 0.80 
13.2 0 50 

* See note on opposite page, 

oa 
4 
© g 
a3 3 
fe} 2 
a 5 

@¢ | ¢ 
H Zi 

Lhs. 

$.85 | 1:12.0 
11.70 |} 1:9.0 
18.15 | 1:89 
13.00 | 1:75 
16.10 | 1:60 
13.60 | 1: 7.0 
17.00 |} 1:3.5 
15.40 | 1:5.4 
18.00) 1:65 
18.50 | 1:55 
18.10 | 1:6.0 
18.70 | 2:55 
18.50} 1:4.5 

32.50 1 1:5.5 
98.00 ; 1:60 
20,20 | 1:6.5 

19.8 1:4.7 
11.7 1:5.0 
16.6 1:60 
[5.4 1:7.0 
13.9 1;8.0 

19.6 1:5.5 
16,6 1:55 
14.0 1:6.0 
13.0 1: 7.0 
12.1 1:3.0 

87.5 1:4.0 
30.0 1:5.0 
28.0 1:55 
23.8 1:6.0 
18.7 1:6.5 
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ree 

Growing catile : 
Age, Average live-weight, 

months, per hed, 
2-3 =oonee) LOO LHS. FLL. 

om eee e 300 

6-12 .... 500 
12-18 .... 700 
18-24 .... 850 

15-20 .... 85 
Growing fat swine : 

wwne) aeee e 

B-) 2... 100 
5-6... 125 
6-8 .... 170 
8-12 .... 250 

* ‘The German pound is equal to 11/,9 tb. avoirdupois. The above weights are therefore 
to be mereased 4/,;95 to represent our weights, 
reduction will be in most cases unnecessary, as the weights are but relative and approxi- 
mate. The quantities of nutrients calculated per 1,000 pounds Hve-weight, of course, 
need no reduction, being simply relative, and the name is true to a certain extent of the 
quantities per head, 

Tutal organic sub- 

ptance, 

wre 

BrribPiPt Omwnh 

DSO PH OMWVIOS BRMOcow OU OF 05 09 Ti 1 

TaBuiE IIl.— Continued. 

B.—PER Day AND PER HEAD, 

NUTRITIVE (DIGESTY-~- 
BLL) SUBSTANCES. 

Albuminoids, Carbhydrates, 

0.6 21 1 0.3 
1.0 41 | 0.30 
1.3 6.8 | 030 
1.4 91 | 0.28 
14 1108 | 0.26 

0.18 | O87) 0.045 
0.17 | 0.85} 0.0£0 
0.16 | 085] 0.037 
O14; 0.89; 0,082 
0.12} 0.88] 0.025 

ee eanientntamete adamaseammnenell 

0.58 1.50 
0.50 2.50 
0.54 2.96 
0.58 3.47 
0.62 4.05 

Total nutritive sub- 

-tance. 

Nutritive ratio. | | \- 

COOON 

. 4a ©8 ca te 

SoM WIKI OA one pet ek pd nk feed eed eek See och ek fea bed bed bed bed MowUoo SooUR eh 88 £@ 28 oe 

For practical purposes, however, this 
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INDEX. 

ABOMASUM, 57 

Accidental sults, essential and, 22 

Action of bile on the food, 62 

pancreatic juice on carbhydrates, 63 
fats, 63 

ptyalin on starch, 56 

saliva on the food, 56 

trypsin on albuminoids, 63 

Ac‘d, carbonic, effect of work on excretion of, 206 
excretion of, by young animals, 440 

glycocholic, 62 

hippuric, 8, 93 

formed from albuminoids, 87 

hyoglycocholic, 62 

lactic, 13 

metapectic, 46 

muriatic, 59 

phosphoric, excretion of, by herbivora, 258 

during work, 208 
sarko'actic, 18 

sulphuric, excretion of, during work, 208 
taurocholic, 62 

uric, 93 

Advantages of ensilage, 317 

Aisophogean demi canal, 57 
Age of animals, effect of, on digestion, 270 
Agriculture, objects of, 1 

Albumin, animal, 16 
properties of, 16 

vegetable, 27 



498 INDEX. 

Albuminoids, action of trypsin on, 63 

aninal, 15 

composition of, 17 

decompositions of, in body, 87 

determination of, 48 
effect of gastric juice on, 59 

on digestibility of coarse fodder, 275 
errors in dete mination of, 49 

formation of fat from, 87, 171 
gan of fat aided by, 178 
importance of, 32 

of milk, sources of, 418 
vegetable, 26 

comparative value in nutrition, 31 
occurrence, 33 

Alimentary canal, 55 
Alkaloids, 35 

of lupines, 85, 310, 343 
Amides, 35 

by action of trypsin, 63, 162 

decomposed in body, 159 

determination of, 49 

digestibility of, 257 

feeding standards affected by, 871 
functions of, in plant, 36 
indications of nutritive value of, 162 
in malt sprouts, 341 

nutritive value of, 158 
Amido-acids, 35 

Amines, 30 

Ammonia, excretion of, in respiration, 101 
salts in plants, 34 

Amount of drink, 238 

protein necessary to sustain life, 132 
Analysis, fodder, 48 

Animal albuminoids, 15 

composition of, 17 

occurrence of, 15 

properties of, 15 
varieties of, 15 

body, composition of, 5, 365 



INDEX. 499 

Auimal body, composition of dry matter of, 10 

inorganic matters of, 20 

nitrogenous constituents of, 14 

non-nitrogenous constituents of, 7 
casein, 17 

fats, composition of, 12 

heat, 83, 229 

nutrition, general laws of, 3, 5 
products as fodder, 349 

Anterior aorta, 78 

Aouta, 78 

anterior, 78 
posterior, 78 

Aqueous extract as measure of digestibility, 253 

Arteries, 78 

Artery, pulmonary, 77 

Artichokes, 361 

Ash, determination of, in fodders, 50 
digestibility of, 258 

Asparagin, 35 

a nutrient, 163 

functions of, in plants, 36 

nearly equivalent to protein, 166 

nutritive action of, 165 

Auricles of heart, 77 

Average composition of nitrogenous constituents of body, 19 

BARLEY, 384 

digestibility of, 335 

Best time for cutting clover, 303 
hay, 293 

Bile, 61 

action of, on food, 62 
Bilirubin, 62 

Biliverdin, 62 
Bleeding, influence of, in fattening, 200 

Blood, 74 
amount of hemoglobin in, 200 
coagulation of, 76 
corpuscles, 74 

fibrin, 16, 76 



500 INDEX. 

Blvod plasma, 74, 75 
composition of, 75 

serum, 76 

sugar in, 13, 76 

vessels of intestines, 68 

Body, components of, 5, 360 

materials of, constantly decomposed, 2 

Body-fat, influence of, on production of fat, 198 

protected by fat of food, 187 

protein of food, 188 

Bokhara clover, 312 

Bones, proportion of, in body, 6 

Bran, 338 
composition of, 339 
digestibility of, 339 

Breed, influence of, on digestion, 269 

Brewers’ grains, 339 

Brown hay, 317, 318 

Buckwheat, 335 

Butter, influence of fodder on quality of, 430 

Butter-fat, composition of, 430 

Bye-fodders, nitrogenous, effect of, on digestibility of coarse fod ler, 

277 

Bye-products of the grains, 337 
from milk, 304 

CALCULATION of rations, 466 
rules for, 473 

Calves, feeding, 442 
before weaning, 442 
nutritive ratio, 442 

substitutes for milk, 445 
sugar in place of fat, 444 

food of, after weaning, 446 
weaning of, 446 

Capillaries, 78 
Carbhydrates, 38 

act analogously to fat, 143 
action of pancreatic juice on, 68 

alone do not decrease protein consumption, 137 

and fat, difference in action of, 192 



INDEX. 501 

Carbhydrates and fat, relative effect of, 194 

decompositions of, in body, 88 

decrease protein consumption, 150 

effect of, on digestibility of coaise fodder, 280 
nit.ogen-fiee extract, 282 
protein, 280 

equivalent to fat, 157 
fat from, 173, 394 

conclusions, 186 

experiments on dogs, 183 

ruminants, 174 
swine, 180 

sources of uncertainty, 184 
feeding with, alone, 136 

protein and, 143, 191 

may cause long-continued gain of flesh, 155 
may be oxidized instead of fat, 192 

mutual relations of, 44 

Carbon, excretion of, 103 

Carbonic acid, effect of work on excretion of, 206 

excretion of, 103 

excretion of, by young animals, 440 
in venous blood, 81 

removal from blood in lungs, 82 

Casein, animal, 17, 417 
gluten-, 28 
vegetable, 28 

composition of, 28 
Cattle, fattening, 392 

addition of oil to folder of, 398 

feeding standard for, 395 

preliminary feeding of, 396 

first period, 397 

second period, 397 

third period, 397 

Causes of resorption, 69 
Cellulose, 38 

composition of, 39 

determination of, 40, 50 
digestibility of, 40 

how digested, 64 
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Cellulose, properties of, 38 
starch-, 42 

Cereals, 350 
straw of, 322 

Chaff, 327 
Changes in nutrients during digestion, 64 

Chemical changes in ensilage, 317 

production of, 240 

Chyme, 60 
Circulation of blood, 74 

pulmonary, 80 

systemic, 80 

Circulatory protein, 123, 125 
Circumstances under which a lack of inorganic nutrients may occur, 463 

Clover and clover hay, 302 
Alsike, 311 

Bokhara, 312 

hay, best time for cutting, 303 
effect of wetting on, 305 

losses in curing, 304 

period of growth of, 802 

incarnate, 312 

stone, 312 

Swedish, 311 
sweet, 312 

white, 311 

Coagulation of blood, 76 
Coarse fodder, circumstances affecting digestibility of, 259 

digestibility of, by different kinds of animals, 207 

digestibility of nutrients of, 245 
effect on digestibility of, of albuminoids, 275 

carbhydratcs, 280 

concentrated fudders, 273 

drying, 260 
fat, 286 
methods of preparing, 2 5 

nitrogenous bye-fodders, 277 
period of growth, 263 

quantity caten, 209 
roots, 2rd 

storing, 262 
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Coarse fodder, effect on digestibility of, of the grains, 278 
Coarse fcdders, the, 288 
Cob, maize, 328 

Colostrum, 416 

Comparative value of vegetable albuminoids, 31 
Compensation between crude fibre and nitrogen-free extract, 250 
Components of body, 365 

nitrogenous, 14 

non-nitrogenous, 7 
Concentrated fodder, saving of work by, 228 
Concentrated fodders, 330 

determination of digestibility of, 273 
digestibity of, 278 

Conditions influencing production of fat, 198 
of muscular exertion, 217 

Conduction and radiation of heat from skin, 231 
Conglutin, 28 

Consumption of food by young animals, 437 

inorganic nutrients by young animals, 441 
protein, 121 

Cooking fodder, 239 

effect of on digestibility, 265 
Corn meal, exclusive feeding with, 58, 229, 378 
Corpuscles, blood, 74 

Cotton-seed cake, 347 

digestibility of, 347 
Course of nutrients atter resorption, 71 
Crude fat, 50 ¢ 

digestibility of, 254 
Crude fibre, 40 . 

compensation between nitrogen-free extract and, 250 
composition of digestible portion of, 247 
determination of, 40, 50 

digestibility of, 247 
effect of starch on digestibility of, 281 

Crude protein, 484 

digestibility of, 254 
formulze for digestibility of, 255 

DECOMPOSITIONS of albuminoids in body, 87 

carbhydrates in body, 88 
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Decompositions of fat in body. 88 

nutrients in body, 87 

Decrease of protein consumption by fat, 138 
Determination of nutritive effect of a ration, 109 
Dextrine, 48 

Diaphragm, 80 

Diastase in pancreatic juice, 63 

Digestibility, 243 

aqueous extract as measure of, 253 
determination of, 104 

effect of ensilage on, 320 

fat on, 286 
nutritive ratio on, 281 

salt on, 287 

of ash, 257 

cellulose, 40 

coarse fodder, circumstances affecting, 259 

effect of albuminoids on, 275 

carbhydrates on, 280 

concentrated fodders on, 273 
drying on, 260 

fat on, 286 

grains on, 278 
methods of preparing on, 265 

nitrogenous bye-fodders on, 277 
period of growth on, 263 
quantity on, 259 

roots on, 283 

storing on, 262 
concentrated fodders, 27.3 

determination of, 273 

erute fat, 108, 254 
crude fibre, 247 

effect of carbhydrates on, 281 
crude protein, 254 

formule for, 255 
fat, 108, 254 
fodder by different kinds of animals, 267 

estimation of, 470 

nitrogen-free extract, 249 

effect of cubhysdrates on, 2&2 
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Digestibility of non-protein, 257 
nutrients of coarse fodder, 245 
pectin, 361 

phosphoric acid, 257 
protein, effect of carbhydrates on, 281 

Weende experiments on, 246 
Digestion, 54 

ease of, 65 

effect of age of animals on, 270 
breed of animals on, 269 
individuality on, 270 

work on, 271 

experiments, 104 

preparatory feeding in, 105 
source of error in, 106 

gastric, 59 
influence of propo:tions of nutrients on, 65 
intestinal, 61 
time occupied in, 105 

Distillers’ grains, 340 

use of, 340 

Distiibution of oxygen through body, 83 
Dried blood, 358 

comparative value of protein of, 354 
digestibility of, 353 

Drink, amount of, 238 
Drinking, influence of, on fat production, 198 

protein consumption, 135 
Dry matter of animal body, composition of, 10 

milk, influence of fodder on composition of, 427 

percentage of, 427 

Drying, effect of, on digestibility, 260 
Duct, thoracic, 68 

EARLY-CUT hay, non-protein in, 299 

Karly or late cutting of hay, 293 

Kase of digestion, 65 
Energy, storing up of, in body, 219 

Hnsilage, 291, 316 
advantages of, 317 

chemical changes in, 317 
22 
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Ensilage, effect of, on digestibility, 320 

of maize, 316 
quality of product, 320 

Epithelium of intestines, 67 

Equilibrium with food supply soon established, 130 

rapidity with which established, 133 

Equivalents, respiration, 157 

Errors in determination of albuminoids, 48 

sources of, in digestion experiments, 106 

Hsparsette, 313 

Essential and accidental salts, 22 

Evaporation of water, influence of, on production of heat, 234 

Exchange of gases in lungs, 81 

Exclusive meal feeding, 58, 229, 378 
sufficiency of, 380 

Excrements, composition of solid, 73 

Excretion, 93 
effects of muscular exertion on, 204 

of ammonia in respiration, 101 

carbon, 103 

carbonic acid by young animals, 440 
influence of work on, 206 

gaseous nitrogen, 94 
during work, 208 

hydrogen, 103 
nitrogen, 94 

earlier experiments on, 94 
experiments on domestic animals, 97 
influence of work on, 204 

Voit’s experiments on, 95 

phosphoric acid by herbivora, 208 

during work, 208 
sulphuric acid during work, 208 
water, 108 

during work, 207 
Expiration, 81 

Extract, nitrogen-free, 51 
composition of digestible portion of, 252 

uniigested portion of, 253 

determination of, 51 
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Facss, 72 
Fat alone does not decrease protein consumption, 136 

carbhydrates equivalent to, 157 

may be oxidized instead of, 192 

conditions inflaencing production of, 198 

consumption, influence of work on, 207 
decomposition of, in body, 88 

decreases protein consumption, 138 
determination of, 50 

production of, 111 
difference in action of carbhydrates and, 192 
digestibility of, 108, 204 

docs not replace water in fattening, 8 

effect of, on digestibility of coarse fodder, 286 
quantity of milk, 425 

fecding with, alone, 136, 187 

protein and, 137, 189 
formation of, 169 

formed from albuminoids, 87, 171 
from carbhydrates, 173 

conclusions, 186 
experiments on dogs, 183 

ruminants, 174 

swine, 180 
in fattening, 394 

sources of uncertainty, 184 
gain of, aided by albuminoids, 178 

gain of, may accompany loss of flesh, 188 
importance of, for horses, 413 

working animals, 408 
may cause long continued gain of flesh, 141 

occurrence of, in body, 11 

of body, influence of, on production of fat, 198 
protein consumption, 133 

protected by protein, 188 

of food a source of fat, 169 

protected by protein, 189 

protects body fat, 187 

of milk, source of, 418 
production, mfluence of body-fat on, 198 

excessive drinking on, 198, 238 
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Fat production, influence ef muscular exertion on, 199, 226 
oxygen taken up on, 199 

temperature on, 198, 237 
production of, by young animals, 440 

proportion of, in body, 6, 13 

relative effect of carbhydrates and, 194 
sources of, 169 

Fats, action of pancreatic juice on, 63 

composition of animal, 12 

vegetable, composition of, 46 

occurrence of, 46 
value of, 47 

Fattening, 196, 892 

eattle, 397 

addition of oil to fodder of, 398 

composition of increase of live-weight in, 9, 176 
influence of bleeding on, 200 
lambs, 403 

preparation of fodder in, 399 
sheep, 3{0% 

swine, 404 

Feeding calves, 442 

farm animals, 3, 365 

for maintenance, 374 

oxen, 374 

sheep, 383 
growing animals, 436 

horses, 409 

influence of, on grawth of wool, 387 
lambs, 448 

milk cows, 414 

oxen, 374 

pigs, 408, 458 

sheep, 388 

standard for maintenance of oxen, 376 

sheep, 387 
milk cows, 43f, 432 

variations from, 432 
standards, 365, 366 

advantage of, 367, 378 
affected by amides, 371 
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Feeding standards for fattening cattle, 395 
sheep, 400 

swine, 404 
horses, 412 

pigs, 461 
working oxen, 408 
limitations of, 309 

Feeding-stuffs, composition and digestibility of, 3, 248 
definition, 25 

Feeding with carbhydrates alone, 136 

fat alone, 136, 187 

protein alone, 128, 188 

and carbhydrates, 143, 191 
fat, 1387, 189 

Fibrin, blood-, 16 

flesh-, 16 
gluten-, 29 

vegetable, 29 
composition of, 29 

Fibrinogen, 76 

Fick & Wislicenus’ experiment, 216 
Fish guano, or fish scrap, 351 

digestibility of, 352 

manurial value of, 352 

Flesh, composition of, 110 

determination of gain or loss of, 102, 109 
Flesh-fibrin, 16 

Flesh, gain of, caused by protein, 148 
fat may accompany loss of, 188 

laws of formation of, 110 
long-continued gain of, 141 
meal, 349 

comparative value of protein of, 351 
digestibility of, 350 

proportion of, in body, 6 

Fluid, intestinal, 64 

Fluids, quantity of, in body, 5 

Fodder analysis, 48 
cooking, 239 

effect of, on digestibility, 265 

digestibility of, by different kinds of animals, 267 
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Fodder, effect of, in maintaining flow of milk, 424 

influence of, on composition of dry matter of milk, 427 

percentage of dry matter in milk, 427 

quality of butter, 430 

milk, 427 

quantity of milk, 419 

methods of preparing, effect of, on digestibility, 265 

preparation of, in fattening, 399 

Fodders, coarse, 288 
components of, 25 

concentrated, 330 

definition of, 25 

estimation of composition of, 468 
digestibility of, 470 

Food supply, equilibrium soon established with, 1380 

Force, storing up of, in body, 219 

yalue of nutrients, 215 

GAN of fat aided by albuminoids, 178 

may accompany loss of flesh, 188 

flesh, carbhydrates may cause long continued, 159 

caused by protein, 148 

fat may cause long-continued, 141 

Gain or loss of flesh, determination of, 102 

Gall, 61 

bladder, 62 

Gases, exchange of, in lungs, 81 
Gastric digestion, 59 

juice, 59 

action of, on albuminoids, 59 

Gelatigenous substances, 18 
composition of, 18 

Gelatin, nutritive value of, 163 
Glands, Lieberkihn’s, 64 

mesenteric, 68 

salivary, 55 

Gliadin, 30 

Gluten-casein, 28 
Gluten-fibrin, 29 
Gluten, wheat, 28 

Glycocholic acid, 62 
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Glycogen, 14, 81 

sources of, 91, 92 
Glycogenic function of liver, 89 
Golden millet, 314 

composition of, 314 

digestibility of, 315 

Grains, the, 330 
bye-products of, 337 
composition of, 331 

effect of, on digestibility of coarse fodder, 278 
value of, 330 

variations in composition of, 331 
Growing animals, feeding, 486 

Gullet, 56 
Gums, the, 44 

H.AMOGLOBIN, 75 

amount of, in blood, 200 
influence of, on production of fat, 199, 200 

Hay, clover (see clover hay), 802 

meadow, 288 
damage to by rain, 291 

early or late cutting of, 293 

method of curing, 291 

non protein in, 298 
early cut. 299 

stage of growth of, 292 

supply of plant food to, 289 

variable composition of, 288 

Heart, the, 77 
auricles of, '77 
ventricles of, 77 

Heat, animal, 83, 230 

applications of, in body, 231 

expenditure of, in warming ingesta, 236 

influence of evaporation of water on production of, 234 

surrounding temperature in production of, 282 

of combustion, Frankland’s determinations, 216, 217 

of protein, 217 

production of, 229 

vital, 83. 230 



512 INDEX. 

Heat, vital, how regulated, 230 

Hepatic vein, 68, 79 

Herbivora, excretion of phosphoric acid by, 258 

Hippuric acid, 84 
formed from albuminoids, 87 

Horny matters, 18 
composition of, 18 

Horses, digestibility of fodder by, 268 

feeding of, 409 
digestible nutrients, 410 

Hohenheim expeumments on, 410 
importance of fat, 413 

kinds of feeding-stuffs, 413 

; quantity of fodder, 409, 410 

feeding standards for, 412 

Hungarian grass, 314 
composition of, 314 

dige>tibility of, dlo 

Hunger, protein consumption during, 123 

Hydrogen, excretion of, 103 

Hyoglycocholic acid, 62 

INCARNATE CLOVER, 312 

Increase of live-weight in fattening, composition of, 9, 176 

Indian corn, 335 
Individual peculiarities, effect of, on digestion, 270 
Ingredients of milk, sources of, 418 

Inorganic matters of body, 20 
amount of, 20 

need of continual supply of, 20,462 

nutrients, 47, 462 
circumstances under which a lack of, may occur, 

463 
consumption of, by young animals, 441 

how supplied, 464 

importance of, 462 

in fodder of milk cows, 434 

supply of, in fodder, 463 
Inosite, 14 

Inspiration, 81 

Insalivation, 55 
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Internal organs, muscular work of, 226 
work, 226 

Intestinal fluid, 64 

digestion, 61 
Intestines, 61 

blood-vessels of, 68 
contents of stomach and, 6 
epithelium of, 67 

length of, 61 
peristaltic motion of, 61 

Investigation, methods of, 104 

JUICE, gastric, 59 
action of, on albuminoids, 59 

pancreatic, 63 

action of, on albuminoids, 63 
carbhydrates, 63 
fats, 63 

ferments of, 63 

Krpneys, 93 

Kidney-vetch, 312 

LACTEALS, 68 

Lactic acid, 13 
Lactose, 417 
Lambs, composition of gain of live-weight by, 454 

fattening, 455 

Stohmann’s experiments, 456 

Wolff's experiments, 455 
feeding, 448 

effect of change of fodder, 449 
for maintenance, 448 

feeding standard, 450 

Weiske’s experiments, 451 

Wolff's experiments, 448 
quality of fodder, 448 

Laws of the formation of flesh, 120 
Leaves, 322 

Legumes, 301, 342 

digestibility of, 348 

20% 
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Legumes, non-protein in, 313 

pods of, 327 

straw of, 326 
composition and digestibility of, 326 

uses of, 344 

Legumin, 28 

Leucin, 63 

Lieberkuhn’s glands, 64 
Lignin, 39 
Linseed cake, 347 

digestibility of, 847 

Liver, 61 

glycogenic function of, 89 

Live-weight, composition of gain of, by lambs, 450 

increase of, in fattening, 9, 176 
uncertain indications of, 115 

variations of, 117 

Lobules, ultimate, of lungs, 81 

Lucerne, 307 

digestibility of, 307 

Lungs, 80 
exchange of gases in, 81 

ultimate lobules of, 81 
Lung vesicles, 81 

Lupines, 310, 348 
alkaloids of, 35, 310, 343 
poisonous effects of, 311 

Lymph, 68 

MAINTENANCE, feeding for, 374 
lambs for, 448 
oxen for, 374 

sheep for, 383 
Maize, 335 

average composition of American, 336 

range of composition of American, 336 
digestibility of, 337 
cob, 3828 

fodder, 315 
composition of, 315 
digestibility of, 316 
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Maize, fodder, ensilage of, 316 
meal, exclusive feeding with, 378 

sufficiency of exclusive feeding with, 380 
Malt sprouts, 341 

amides in, 842 
Manifolds, 57 

Manurial value of fish guano, 352 
Mastication, 55 

Meadow hay (see hay), 288 

Meal feeding, exclusive, 58, 229, 378 

Medick, 312 
Mesenteric glands, 68 

Metapectic acid, 46 
Methods of investigation, 104 
Milk, bye-products from, 355 

composition of, 417 

effect of fodder in maintaining flow of, 424 
influence of fodder on percentage of dry matter in, 427 

composition of dry matter of, 427 
formation of, 416 

quality of, 426 

influenced by fodder, 427 
individual peculiarities, 427 
other conditions, 430 

quantity of, 419 
effect of fat on, 420 

influence of fodder on, 419 

period of lactation on, 419 
Kuhn's experiments, 422 

intluence of supply of protein on, 420 

Wolff's experiments, 421 

sources of ingredients of. 418 

substitutes for, 445 

Milk cistern, 415 

Milk-cows, feeding, 414 
feeding standard for, 431, 432 
inorganic nutrients in fodder of, 434 
nutritive ratio in fodder of, 431 

variations from feeding standard for, 432 

Milk-fat, sources of, 174, 418 

Milk-glands, 414 
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Milk-globules, 416 

Milk production, 414 
with insufficient protein, 425 

Milk-sugar, 38, 417 
source of, 418 

Miller's system of exclusive meal feeding, 58, 229, 378 

Miilet, golden, 314 
composition of. 314 

digestibility of, 315 

Mucedin, 30 
Muriatic acid, 59 

Muscles. proportion of, in kedy, 5 

Muscular exertion, conditions of, 217 
effects of, on excretion, 204 
fat consumption increascd by, 206 
influence of, on production of fat, 199 
Kellner’s experiments on, 209 

Noyes’s experiments on, 212 

Pettenkofer & Voit’s experiments on, 206 

products of, 218 
protein consumption not increased by, 204, 206 

theory of, 224 
Voit’s experiments on, 2J4 

power, increased oxidation of source of, not necessary, 213 

source of, 213 
work of internal organs, 226 

Mutual relations of the carbhydrates, 44 

NITRATES in plants, 34 
Nitrites in plants, 34 

Nitrogen all excreted in urine, 94 

earlier experiments on excretion of, 94 
excretion of, 04 

as gas, 94 
during work, 208 

experiments on domestic animals, 97 
Voit’s experiments on, 95 

influence of work on excretion of, 204 
Nitrogen-free extract, 51 

compensation between crude fibre and, 250 

composition of digestible portion of, 252 
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Nitrogen-free extract, composition of undigested portion of, 253 
determination of, 51 

digestibility of, 249 
effect of carbhydrates on digestibility of, 282 

Nitrogenous constituents of body, 14 

composition of, 19 

plants other than albuminoids, 34 
Non-nitrogenous constituents of body, 7 
Non-protein, 257 

digestibility of, 257 

influence of, on feeding standards, 371 
in hay, 298 

early-cut hay, 299 

legumes, 313 

tubers and roots, 357 
Nutrients, 25, 365 

changes in, during digestion, 64 
classification of, 26 

course of, after 1.esorption, 71 

decompositions of, in body, 87 
force value of, 215 

inorganic, 47, 462 

nitrogenous, 26 

non-uitrogenous, 38 
Nutrition, animal, general laws of, 3, 5 

of young animals, 436 

Nutritive action of asparagin, 165 
ratio, 52 

effect of, on digestibility, 281 
value of amides, 158 

indications of, 162 
gelatin, 163 

OATS, 333 

digestibility of, 334 
Oil, addition of, to fodder in fattening, 398 

Oil cake, 47, 345 
composition of, 346 

digestibility of, 347 
uses of, 348 

Oil seeds, 345 
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Omasum, 57 
Organized protein, 123, 125 
Organs and parts, proportions of, in body, 5 

Oxen, feeding for maintenance, 374 
feeding standard, 376 

Oxidations in body gradual, 92 

Oxygen, distribution of, through body, 83 

influence of protein on storing up of, 222 

quantity taken up on production of fat, 199 
quantity of, taken up by blood, 84 

storing up of, 85, 220 
relations to storing up of energy, 220 

Oxyhemoglobin, 75 

PALM-NUT cake, 347 
digestibility of, 348 
effect of, on quality of milk, 429 

Pancreas, 63 

Pancreatic juice, 63 
action of, on albuminoids, 63 

carbhydrates, 63 
fats, 63 

ferments of, 63 

Pasture grass, 288, 298 

Paunch, 56 

Pectic acid, 45 

Pectin, 45 
digestibility of, 361 

Pectin substances, the, 45 
Pectose, 45 

Pectosic acid, 45 

Pepsin, 59 

Peptones, 59 

in plants, 34 
Pericardium, 77 
Peristaltic motion, 61 
Phenomena of resorption, 68 

Phesphoric acid, digestibility of, 257 
excretion of, by herbivora, 258 

during work, 208 
Pigs, feeding of, 458 



INDEX. 519 

Pigs, feeding of, feeding standards, 461 
nutiitive ratio, 459 

variations in fodder, 458 

Plasma, blood, 74, 75 
composition of, '75 

Pods of legumes, 327 
Portal vein, 68, 79 
Posterior aorta, 78 
Potatoes, 359 

composition of, 359 

non-protein in, 359 

Production of chemical changes, 240 
fat by young animals, 440 

conditions influencing, 198 
determination of, 111 

influenced by excessive drinking, 198 
fat of body, 198 

muscular exertion, 199 

oxygen taken up, 199 

temperature, 198 

flesh, 119 
by young animals, 439 
determination of, 109 

heat, 229 

influence of evaporation of water on, 234 
temperature on, 232 

milk, 414 
wool, influence of feeding on, 387 

work, 202 

Products of muscular action, 218 

Protein, amount of, necessary to sustain life, 132 

asparagin nearly equivalent to, 166 

circulatory, 123, 125 
comparative value of animal and vegetable, 351, 354 

digestibility of, 254 

effect of carbhydrutes on digestibility of, 280 

starch on digestibility of, 281 

feeding with, alone, 128, 188 

carbhydrates and, 148, 191 
fat and, 137, 189 

formule for digestibility of, 209 
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Protein, glycogen from, 91, 92 

heat of combustion of, 217 

importance of, in fattening, 399 

influence of supply of, on quantity of milk, 420 
on storing up of oxygen, 222 

need of, by working animals, 407 
organized, 123, 125 
protects fat of body, 188 

food, 189 

vegetable, 26 
varieties, 27 

Protein consumption, 121 
decreased by carbhydrates, 150 

fat, 138 
dependent on supply, 128, 187, 144 
during hunger, 123 
effect of salt on, 134 

stimulants on, 186 

water on, 135 

factors determining, 124 
in young animals, 439 
not increased by work, 204, 206 

Ptyalin, 55 
action of, on starch, 56 

Pulmonary artery, 77 

circulation, 80 

veins, 77 
Pylorus, 61 

Quarry of milk, 426 
Quantity of fodder, effect of, on digestibility, 459 

fattening, 167 

milk, 419 

RADIATION and conduction of heat from skin, 231 
Ratio, nutritive, 59 
Ration, 26 

determination of nutritive effect of, 109 
Rations, calculation of, 466 

rules for calculation of, 473 

Rennet, 57 
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Resorption, 66 

causes of, 69 

course of nutrients after, ‘71 
phenomena of, 68 

Respiration, 80 
apparatus, 111 

equivalents, 157 

through skin, 83 

Reticulum, 56 

Rice, 335 

Rickets, cause of, 23 

Roots, 355, 361 

composition of, 361 

effects of, on digestibility of coarse fodder, 283 
feeding value of, 362 

general properties of, 305 

variations in composition of, 862 

Root crops, tops of, composition of, 821 

digestibility of, 321 

Rowen, 288, 298 
Ruminants, stomach of, 56 

Rumination, 56 

may be suspended, 58 
Rye, 333 

SAINFOIN, 313 
Saliva, 55 

action of, on food, 56 
Salivary glands, 55 

Salt, common, effects of, on digestibility, 287 

protein consumption, 184 
uses of, 23 

Salt-hunger, 21 
effects of, 21 

Salis, essential and accidental, 22 
Sarkolactic acid, 13 
Saving of work by concentrated fodder. 228 

Seradella, 318 

Shearing, effect of, on fattening, 403 

Sheep, fattening, 399 
best age for, 4 2 
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Sheep, fattening, effect of shearing on, 403 

feeding standards, 400 

proportion of protein for, 399 

quantity of water, 4.2 

maintenance feeding of, 383 
feeding standards, 387 

Weende experiments, 383 

need relatively more food than cattle, 383 

Skin, conduction and radiation of heat from, PAS 

respiration through, 83 

Soda, salts of, in bile, 62 

Solid excrements, composition of, 73 

tissues, proportions of, 5 

Sour hay, 317, 318 

Source of muscular power, 213 

Sources of fat, 169 

Stable, temperature of, 237 

Stage of growth, effect of, on digestibility of hay, 263 

quality of hay, 292, 302 

Starch, 41 

composition of, 43 
effect of, on digestibility, 280 
properties, 41 

Starch-cellulose, 42 

grains, 42 

Stimulants, effect of, on chemical processes in body, 136, 242 

Stomach of ruminants, 56 
Storing, effect of, on digestibility, 262 

Storing up of energy in body, 219 
influence of protein on, 222 

oxygen, 85 
relation of, to storing up of energy, 220 

Stover, 315 
composition of, 315 

Straw a valuable fodder, 322 

digestibility of, 524 

of the cereals, 322 

legumes, 826 

composition and digestibility of, 326 
manner of using, 325 

variations in composition of, 323 
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Structure of milk-glands, 414 
Sugar, effect of, on digestibility of coarse fodder, 282 

in blood, 13 

beet pulp, 363 
Sugars, the, 43 

composition of, 48 
Sulphuric acid, excretion of, during work, 208 
Swine, fattening, 404 

choice of fodder, 405 
feeding standards, 404 
mineral matters, 405 
quantity of fodder, 404 

Systemic circulation, 80 

TAUROCIIOLIO acid, 62 
Temperature, influence of, on fat-production, 198 

production of heat, 232 

of stable, 237 

Theory of muscular exertion, 224 
Thoracic duct, 68 

Time oceupied in digestion, 105 

Time of cutting, effect of, on digestibility, 263 

Tissues, solid, proportions of, 5 

Tops of root crops, composition of, 321 

digestibility of, 321 

Trypsin, 63 

action of, on albuminoids, 63 

Tubers, 350, 859 

general properties of, 855 

proportion of non-protein in, 357 

Tyrosin from albuminoids, 63 

Upper, 415 
Ultimate lobules of lungs, 81 
Urea, 84, 93 

from albuminoids, 87 

Urie acid, 93 

Urine, 93 
nitrogen all excreted in the, 94-101 

Use of distillers’ grains, 340 
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Uses of common salt, 23 
oil cake, 348 

VALUE of straw, 322 

Variations in composition of straw, 323 
of live-weight, 117 

Varieties of animal albuminoids, 15 

Vegetable albumin, 27 

casein, 28 

composition of, 28 
fats, 46 
fibrin, 29 

protein, 26 

Vein, hepatic, 68, '79 
left subclavian, 68 

portal, 68, 79 

Veins, 79 

pulmonary, 77 

Vena cava, anterior, 77 

posterior, 77 
Ventricles of the heart, 77 

Vesicles of lungs, 81 
Vetches, 309 

Villi, 67 

Vital heat, 230 

how regulated, 230 
Voit’s experiments on excretion of nitrogen, 95 

muscular exertion, 204. 

WARMING ingesta, expenditure of heat in, 236 
Water, effect of work on excretion of, 207 

excretion of, 102 
influence of, on protein consumption, 135 
proportion of in body, 7 

Weaning, 446 

Wheat, 332 
gluten, 28 

Whey, 354 
Wool production, 387 

influence of feeding on, 387 
Work, classification of, 202 
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Work, effect of, on digestion, 271 
excretion, 204 

of carbonic acid, 206 
nitrogen, 204 
water, 207 

fat consumption, 207 

excretion of gaseous nitrogen during, 208 

internal, 226 

Kellner’s experiments on, 209 

Noyes’s experiments on, 212 

Pettenkofer & Voit’s experiments on, 206 
production of, 202 

protein consumption not increased by, 204, 206 
saving of, by concentrated fodder, 228 
Voit’s experiments on, 204 

Working animals, feeding, 407 
importance of fat to, 408 

need of protein for, 407 
oxen, feeding of, 408 

standard, 408 

YOUNG animals, amount of food consumed by, 437 
consumption of inorganic nutrients by, 441 
excretion of carbonic acid by, 440 
general laws of nutrition of, 436 
production of fat by, 440 

flesh by, 439 

protein consumption in, 439 
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